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Atmel Field Programmable Gate Arrays (FPGAs) 


See inside back cover for an index to Atmel CMOS gate arrays. 
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Configurable Logic Overview 


Thank you for your interest in Atmel’s family of fast, flexible PLDs, FPGAs 
and Gate Arrays. Atmel offers the broadest range of configurable logic 
(programmable and custom ASIC, see figure) in the industry: 


e Industry standard PAL- and GAL-type devices (16V8, 20V8, 22V10): 
e Low power 
e Very high speed 
e 3-volt and 5-volt operation . 
e High density CPLD devices (ATV750, ATV2500, ATV5000, ATV5100): 
e Up to 5,000 PLD gates using standard PLD design tools 
e Simple extensions of industry-standard 22V10 architecture 
e Wide gate fan-in capability 


e FPGAs with Cache Logic™ capability, the ability to build adaptive, 
reusable hardware (AT6002, AT6003, AT6005, AT6010): 


e Up to 10,000 usable gates 

e Thousands of registers (ideal for pipelined, data path applications) 
e Flip-flop toggle rates up to 250 MHz, system speeds to 70 MHz 

e Very low power (500 LA standby) 

e Very low profile (PCMCIA) packages (1mm thick) 

100% factory-tested 


Atmel’s Configurable Logic Spectrum 
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e High density, high performance Gate Arrays: 
e Fast CMOS, 50 MHz and up 
e Low Voltage CMOS, 1.8-volt, 3.3-volt and 5-volt options 
e Gate Array/Standard Cell translation 
¢ Multiple FPGA/PLD conversions 


If you are new to PLDs and FPGAs you’ll appreciate the simple, easy-to- 
learn architecture and tools. If you are already using FPGAs you'll find the 
AT6000 FPGAs are especially suited for high speed, data path applications. 
The thousands of registers allow for designs to be extensively pipelined, en- 
abling ultra-fast system throughput. 


When your design becomes fixed and enters high volume production, the 
tools let you migrate easily to Atmel’s masked Gate Arrays for even more 
cost effective production. 


Atmel Corporation designs, manufactures, and markets high quality and high 
performance CMOS memory, logic and analog integrated circuits. Founded in 
1984, the Company serves the manufacturers of computation, communica- 
tions and instrumentation equipment in commercial, industrial and military 
environments. 


Atmel’s broad line of products provide customers with a variety of solutions 
to their memory and logic applications. Atmel offers high-density, high-speed 
memory and logic standard products as well as custom gate arrays. 


Atmel guarantees quality and reliability by fabricating all products— no mat- 
ter what their intended application— to meet or exceed the specifications of 
Military Standard 883. 


Whether you are new to programmable logic or an experienced user, Atmel is 
committed to your success. If you have any questions or would like to place 
an order, please contact your local Atmel sales office as listed in the back of 
this data book, or contact Atmel’s corporate headquarters: 


Atmel Corporation 

2125 O’Nel Drive 

San Jose, CA 95131 

Phone: (408) 441-0311 

FAX: (408) 436-4300 

PLD Hotline: (408) 436-4333 


We thank you for considering Atmel semiconductors. 
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Features 


e Industry Standard Architecture 
Emulates Many 20-Pin PALs® 
Low Cost Easy-to-Use Software Tools 
e High Speed Electrically Erasable Programmable Logic Devices 
7.5 ns Maximum Pin-to-Pin Delay 
e Low Power ATF16V8BL - 10 mA Maximum Standby 
e CMOS and TTL Compatible Inputs and Outputs 
Input and I/O Pull-Up Resistors 
e Advanced Flash Technology 
Reprogrammable 
100% Tested 
e High Reliability CMOS Process 
20 Year Data Retention 
100 Erase/Write Cycles 
2,000 V ESD Protection 
200 mA Latchup Immunity 
Full Military, Commercial, and Industrial Temperature Ranges 
Dual-in-Line and Surface Mount Packages in Standard Pinouts 
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40 INTERCONNECT | J} Loic 
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Description 

The ATF16V8B is a high performance CMOS (Electrically Erasable) Programmable Logic 
Device (PLD) which utilizes Atmel’s proven electrically erasable Flash memory technology. 
Speeds down to 7.5 ns and power dissipation as low as 10 mA are offered. All speed ranges 
are specified over the full 5 V + 10% range for military and industrial temperature ranges, and 
5 V + 5% for commercial ranges. 

The ATF16V8BL provides the low power CMOS PLD solution, with low DC power (5.0 mA 
typical). The ATF16V8BL significantly reduces total system power and enhances system 
reliability 

The ATF16V8Bs incorporate a superset of the generic architectures, which allows direct re- 
placement of the 16R8 family and most 20-pin combinatorial PLDs. Eight outputs are each 
allocated eight product terms. Three different modes of operation, configured automatically 
with software, allow highly complex logic functions to be realized. 
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Pin Configurations 


|i [Logie inputs 
OE 


Output Enable 
+5 V Supply 
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Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under “Absolute Maxi- 


o o This is a stress rating only and functional operation of the de- 

Storage Temperature “65°C to +150°C vice at these or any other conditions beyond those indicated in 
ee the operational sections of this specification is not implied. 
Lea ae wan Exposure to absolute maximum rating conditions for extended 
p periods may affect device reliability. 
Voltage on Input Pins 
with Respect to Ground Note: 
During Programming -2.0 V to +14.0 V") 1, Minimum voltage is -0.6 V de, which may undershoot to -2.0 V 
; ; for pulses of less than 20 ns. Maximum output pin voltage is 

Programming Voltage with a) Vcc + 0.75 V de, which may overshoot to 7.0 V for pulses of 
Respect to Ground -2.0 V to +14.0 V less than 20 ns. 


D.C. and A.C. Operating Conditions 


Commercial industrial Milita 
Operating Temperature (Case) 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+5% 5V+10% 5V+10% 


D.C. Characteristics 
Symbol Parameter Condition 


Input or I/O Low 
Leakage Current 0 < Vin < Vit(MAX) 
Input or I/O High 
i Leakage Current 3.5 < Vin s Voc 
Voc = MAX, ATF16V8B Com. 


' Vin = MAX, Ind., Mil. 


Outputs Open ATF16V8BL Com. 
Ind., Mil. 


Clocked Power Supply Vcc = MAX, Com. 
Current Outputs Open ialgicuies Ind., Mil. 


Vcc = MAX Com. 
Clocked Power Supply ' 
Icc3 Current Outputs Open, Ind., Mil 


las Power Supply Current 
Standby 


f=25 MHz 


qulbut Shor CICUR : Vout = 0.5 V -130 


Input Low Voltage -0.5 0.8 
Input High Voltage 2.0 Vcc+0.75 
Vin=VinorViL, !oL=24mA __Com., Ind. 

Vec = MIN loL=16mA_ Mil. 0.5 


Output High Voltage vom Vis lo = -4.0 mA 2.4 V 


Notes: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. 
2. Low frequency only, contact factory for Icc versus frequency characterization curves. 


VOL Output Low Voltage 
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A.C. Waveforms ") 


INPUTS, /O 
REG. FEEDBACK 


tP 
tCO tER, tEA, 
tPXZ tPZX 
REGISTERED \/ \/ OUTPUT \/ \/ HIGH Z FV easrour 
OUTPUTS AN; VALID ifs \ \ (VALID 
ia aa 'PXE = 
HIGH Z /[V OUTPUT 


COMBINATORIAL XX 


OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics (1) 


Non-Registered Output 


External Feedback 1/(ts+tco) 
FMAX | Internal Feedback 1/(ts + tcF) 
OE pin to Output Enable 


| tpxz | OE pin to Output Disable 
Note: 1. See ordering information for valid part numbers and speed grades. 


tor 
pts 
pty 
pte 
ptw 


Input Test Waveforms and Output Test Loads: 
Measurement Levels: Commercial Military 
3.0V 5.0V 5.0V 
AC AC 
DRIVING 1.5V MEASUREMENT R1=200 R1=390 
LEVELS LEVEL cogs OUTIN. 
0.0V 
R2=390 CL=S50pF R2=750 CL=50pF 
tR, tF < 5ns (10% to 90%) ah a 


AIMEL 1 


Almet 


(f = 1 MHz, T = 25°C) © 


Pin Capacitance 


Typ Max 


5 8 pF Vin=0V 
6 8 pF Vout =0V 


Units Conditions 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Power Up Reset 


The registers in the ATF16V8Bs are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing VrstT, 
all registers will be reset to the low state. As a result, the regis- 
tered output state will always be high on power-up. 


This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 


3) The signals from which the clock is derived must remain 
stable during tpr. 


Preload of Registered Outputs 


The ATF16V8B’s registers are provided with circuitry to allow 
loading of each register with either a high or a low. This feature 
will simplify testing since any state can be forced into the regis- 
ters to control test sequencing. A JEDEC file with preload is 
generated when a source file with vectors is compiled. Once 
downloaded, the JEDEC file preload sequence will be done au- 
tomatically by most of the approved programmers after the 
programming, 


VRsT 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
tw 
CLOCK 


Parameter Description Typ 


Power-Up 
tee Reset Time 900 


Power-Up 
Reset 
Voltage 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATF16V8B fuse patterns. Once programmed, fuse verify and 
preload are inhibited. However, the 64-bit User Signature re- 
mains accessible. 


The security fuse should be programmed last, as its effect is 
immediate. 
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Input and I/O Pull-Ups 


The ATF16V8B and ATF16V8BL have internal input and I/O 
active pull-up resistors. Therefore, whenever inputs or I/Os are 
not being driven externally, they will float to Vcc. This ensures 
that all logic array inputs are at known states. These are rela- 
tively weak active pull-ups that can easily be overdriven by 
TTL-compatible drivers (see input and I/O diagrams below). 


Input Diagram 


VCC VCC 


INPUT [> 


ESD 
PROTECTION 
CIRCUIT 


Functional Logic Diagram Description 


The Logic Option and Functional Diagrams describe the 
ATF16V8B architecture. Eight configurable macrocells can be 
configured as a registered output, combinatorial I/O, combina- 
torial output, or dedicated input. 

The ATF16V8B can be configured in one of three different 
modes. Each mode makes the ATF16V8B look like a different 
device. Most PLD compilers can choose the right mode auto- 
matically. The user can also force the selection by supplying the 
compiler with a mode selection. The determining factors would 
be the usage of register versus combinatorial outputs and dedi- 
cated outputs versus outputs with output enable control. 


The ATF16V8B universal architecture can be programmed to 
emulate many 20-pin PAL devices. These architectural subsets 


Compiler Mode Selection 


OrCAD-PLD 
PLDesigner 
Tango-PLD 


“Registered” 
P16V8R 
G16V8R 


“Complex 
P16V8C 
G16V8C 


/O Diagram 
Vcc Vcc 
or Riyp. = 50KQ 
DATA vo 
FEEDBACK 


can be found in each of the configuration modes described in the 
following pages. The user can download the listed subset de- 
vice JEDEC programming file to the PLD programmer, and the 
ATF16V8B can be configured to act like the chosen device. 
Check with your programmer manufacturer for this capability. 
Unused product terms are automatically disabled by the com- 
piler to decrease power consumption. A Security Fuse, when 
programmed, protects the content of the ATF16V8B. Eight 
bytes (64 fuses) of User Signature are accessible to the user for 
purposes such as storing project name, part number, revision, or 
date. The User Signature is accessible regardless of the state of 
the Security Fuse. 


GAL16V8A 
P16V8A 
G16V8 


“Simple 
P16V8C 
Gi6V8AS 


ATF16V8B Registered Mode 
PAL Device Emulation / PAL Replacement 


The registered mode is used if one or more registers are re- 
quired. Each macrocell can be configured as either a registered 
or combinatorial output or I/O, or as an input. For a registered 
output or I/O, the output is enabled by the OE pin, and the reg- 
ister is clocked by the CLK pin. Eight product terms are allo- 
cated to the sum term. For a combinatorial output or I/O, the 
output enable is controlled by a product term, and seven product 


Registered Mode Option 


—_ S1 
OE pin >< 0 
a) 
0 | i) 
—=B-—D 
7 - 
XOR 4 
CLK pin 


terms are allocated to the sum term. When the macrocell is con- 
figured as an input, the output enable is permanently disabled. 
Any register usage will make the compiler select this mode. 


The following registered devices can be emulated using this 
mode: 


16R8 16RP8 
16R6 16RP6 
16R4 16RP4 
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Registered Mode Logic Diagram 


7 Hinilil 
ex minimis 


INPUT LINES 


0 4 8 12 16 20 24 28 


z 


5/2 


> RE se 


e fit 
i om 


OUTPUT 
LOGIC 


OUTPUT 
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OUTPUT 
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OUTPUT 


ie 


OUTPUT 


19 


18 


12 


11 
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ATF16V8B Complex Mode 
PAL Device Emulation/PAL Replacement 


In the Complex Mode, combinatorial output and I/O functions 
are possible. Pins 1 and 11 are regular inputs to the array. Pins 


Combinatorial applications with an OE requirement will make 
the compiler select this mode. The following devices can be em- 
ulated using this mode: 


13 through 18 have pin feedback paths back to the AND-array, 16L8 
which makes full 1/O capability possible. Pins 12 and 19 (outer- 16H8 
most macrocells) are outputs only. They do not have input ca- 16P8 
pability. In this mode, each macrocell has seven product terms 
going to the sum term and one product term enabling the output. 
Complex Mode Option 
0 | 
1 e 
° Fi 
7 ) > > -KS 
XOR 
oe Pins 12 and 19 do not have this feedback path. 
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Complex Mode Logic Diagram 


1 o> 
INPUT LINES 


0 & 8 12 16 20 24 28 


19 


= ae = 
—_ Sain 
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ee eee», ee OUTPUT 
2 Se ey a ee ee ee ee _—= 
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meses 
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Ai aa 
ATF16V8B Simple Mode 
PAL Device Emulation / PAL Replacement The compiler selects this mode when all outputs are combinato- 
In the Simple Mode, 8 product terms are allocated to the sum rial without OE control. The following simple PALs can be em- 
term. Pins 15 and 16 (center macrocells) are permanently con- _—Ulated using this mode: 


figured as combinatorial outputs. Other macrocells can be either 10L8 10H8 10P8 
inputs or combinatorial outputs with pin feedback to the AND- 12L6 12H6 12P6 
array. Pins 1 and 11 are regular inputs. 14L4 14H4 14P4 


16L2 16H2 16P2 


Simple Mode Option 


Pins 15 and 16 do not have this feedback path. 


*- Pins 15 and 16 are always enabled. 
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Simple Mode Logic Diagram 


1 c>> 


INPUT LINES 
0 4 8 12 16 20 24 28 


ST TT F 
4 OUTPUT Yo 
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bl ccloliebeteeetsttetes! pp pp tf 
pop pe ey rT rr Tr Tr ry Tr ry F__} OUTPUT Do RK 3 15 
OE Nd ee ee eS LOGIC 
TT ttt 11tt Le. Lt LL Le CL __ 
tt hm hn hm smh SSE HAHA 
Se Sy eee a ee ee ee BERR E Si en ee ee, 
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Ordering Information 


ATF16V8B-7GC 20D3 Commercial 
ATF16V8B-7JC (0°C to 70°C) 
ATF16V8B-7PC 


ATF16V8B-10GC 
ATF16V8B-10JC 
ATF16V8B-10PC 
ATF16V8B-10SC 


ATF16V8B-10GI 
ATF16V8B-10JI 
ATF16V8B-10PI 
ATF16V8B-10SI 


ATF16V8B-10GM 20D3 Military 
ATF16V8B-10NM 20L (-55°C to 125°C) 
ATF16V8B-10GM/883 20D3 Military/883C 
ATF16V8B-10NM/883 20L (-55°C to 125°C) 
dae B, Fully Compliant 


ATF16V8B-15GC Commercial 
ATF16V8B-15JC (0°C to 70°C) 
ATF16V8B-15PC 
ATF16V8B-15SC 


ATF16V8B-15GI Industrial 

ATF16V8B-15JI (-40°C to 85°C) 

ATF16V8B-15PI 

ATF16V8B-15SI 

ATF16V8B-15GM 20D3 Military 

ATF16V8B-15NM 20L (-55°C to 125°C) 

ATF16V8B-15GM/883 20D3 Military/883C 

ATF16V8B-15NM/883 20L (-55°C to 125°C) 
Class B, Fully Compliant 


ATF16V8B-25GC Commercial 
ATF16V8B-25JC (0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


ATF16V8B-25PC 
ATF16V8B-25SC 


ATF16V8B-25GI Industrial 
ATF16V8B-25JI (-40°C to. 85°C) 
ATF16V8B-25PI 


ATF16V8B-25SI 
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ATF16V8B/BL 


Industrial 
(-40°C to 85°C) 


Commercial 
(0°C to 70°C) 


industrial 
(-40°C to 85°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Ordering Information 
ATF16V8BL-10PC 
ATF16V8BL-10GI 
ATF16V8BL-104JI 
Package Type 
20 Lead, 0.300" Wide, Ceramic Dual Inline Package (Cerdip) 
20 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


ts tco . 
ATF16V8BL-10PI 
20 Pad, Ceramic Leadless Chip Carrier (LCC) 


7.5 7 ATF16V8BL-10GC 20D3 Commercial 
ATF16V8BL-10SI 
20 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


ATF16V8BL-10JC (0°C to 70°C) 
ATF16V8BL-15GC 
ATF16V8BL-15JC 
ATF16V8BL-15PC 
ATF16V8BL-15SC 
ATF16V8BL-15GI 
ATF16V8BL-15ul 
ATF16V8BL-15PI 
ATF16V8BL-15SI 
ATF16V8BL-15GM 
ATF16V8BL-15NM 
ATF16V8BL-15GM/883 
ATF16V8BL-15NM/883 

20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


e Quarter Power Equivalent of ATF16V8B - 55 mA Maximum 
e Low Power ATF16V8BQL - 10 mA Maximum Standby 
e Industry Standard Architecture 
Emulates Many 20-Pin PALs® 
Low Cost Easy-to-Use Software Tools 
e High Speed Electrically Erasable Programmable Logic Devices 
10 ns Maximum Pin-to-Pin Delay 
e CMOS and TTL Compatible Inputs and Outputs 
Input and I/O Pull-Up Resistors 
e Advanced Flash Technology 
Reprogrammable 
100% Tested 
e High Reliability CMOS Process 
20 Year Data Retention 
100 Erase/Write Cycles 
2,000 V ESD Protection 
200 mA Latchup Immunity 
Full Military, Commercial, and Industrial Temperature Ranges 
e Dual-in-Line and Surface Mount Packages in Standard Pinouts 


High 
Performance 
Flash PLD 


Advanced 
information 


Block Diagram 
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Description 


The ATF16V8BQs are high performance CMOS (Electrically Erasable) Programmable Logic 
Devices (PLDs) which utilize Atmel’s proven electrically erasable Flash memory technology. 
Speeds down to 10 ns and power dissipation as low as 10 mA are offered. All speed ranges are 
specified over the full 5 V + 10% range for military and industrial temperature ranges, and 5 V 
+ 5% for commercial ranges. 

The ATF16V8BQL provides the low power CMOS PLD solution, with low DC power (5.0 
mA typical). The ATF16V8BQL significantly reduces total system power and enhances sys- 
tem reliability 

The ATF16V8BQs incorporate a superset of the generic architectures, which allows direct 
replacement of the 16R8 family and most 20-pin combinatorial PLDs. Eight outputs are each 
allocated eight product terms. Three different modes of operation, configured automatically 
with software, allow highly complex logic functions to be realized. 


Pin Configurations rl os 


VCLK Vcc 


1 

1a 2 

CLK [Clock 0% 
‘hs Logic Inputs Isc 4 
i 5 

Bidirectional Buffers 24- h 
6a 7 

OE _| Output Enable ac 
+5 V Supply qe 
GND (10 


AIMEt 


D.C. and A.C. Operating Conditions 


0°C - 70°C 
5V+t5% 


Operating Temperature (Case) 


Vcc Power Supply 


Functional Description 


The ATF16V8BQ can be configured in one of three different 
modes. Each mode makes the ATF16V8BQ look like a differ- 
ent device. The ATF16V8BQ macrocells can be a registered 
output, combinatorial I/O, combinatorial output, or dedicated 
input. Most PLD compilers can choose the right mode automat- 
ically. The user can also force the selection by supplying the 
compiler with a mode selection. The determining factors would 
be the usage of register versus combinatorial outputs and dedi- 
cated outputs versus outputs with output enable control. 


The ATF16V8BQ universal architecture can be programmed to 
emulate many 20-pin PAL devices. These architectural subsets 
can be found in each of the configuration modes described in the 


Compiler Mode Selection 
Registered 


Commercial industrial Milita 


Complex 


-55°C - 125°C 
5V+10% 


-40°C - 85°C 
5V+10% 


following pages. The user can download the listed subset de- 
vice JEDEC programming file to the PLD programmer, and the 
ATF16V8BQ can be configured to act like the chosen device. 
Check with your programmer manufacturer for this capability. 


Unused product terms are automatically disabled by the com- 
piler to decrease power consumption. A Security Fuse, when 
programmed, protects the content of the ATF16V8BQ. Eight 
bytes (64 fuses) of User Signature are accessible to the user for 
purposes such as storing project name, part number, revision, or 
date. The User Signature is accessible regardless of the state of 
the Security Fuse. 


Simple Auto Select 


ABEL, Atmel-ABEL P16V8R P16V8C P16V8AS P16V8 


G16V8MS 
GAL16V8_R 
“Registered” 
P16V8R 
G16V8R 


CUPL 
LOG/IC 
OrCAD-PLD 


PLDesigner 
Tango-PLD 


G16V8MA 
GAL16V8_C7 
“Complex” 
P16V8C 
G16V8C 


G16V8AS 
GAL16V8_C8 
“Simple” 
P16V8C 
G16V8AS 


G16V8 
GAL16V8 
GAL16V8A 
P16V8A 
G16V8 
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Features 


e Industry Standard Architecture 
Emulates Many 24-Pin PALs® 
Low Cost Easy-to-Use Software Tools 
e High Speed Electrically Erasable Programmable Logic Devices 
7.5 ns Maximum Pin-to-Pin Delay 
e Low Power ATF20V8BL - 10 mA Maximum Standby 
e CMOS and TTL Compatible Inputs and Outputs 
input and I/O Pull-Up Resistors 
e Advanced Flash Technology 
Reprogrammable 
100% Tested 
e High Reliability CMOS Process 
20 Year Data Retention 
100 Erase/Write Cycles 
2,000 V ESD Protection 
200 mA Latchup Immunity 
Full Military, Commercial, and Industrial Temperature Ranges 
Dual-in-Line and Surface Mount Packages in Standard Pinouts 


High 
Performance 
Flash PLD 


Preliminary 


Block Diagram 
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Description 


The ATF20V8B is a high performance CMOS (Electrically Erasable) Programmable Logic 
Device (PLD) which utilizes Atmel’s proven electrically erasable Flash memory technology. 
Speeds down to 7.5 ns and power dissipation as low as 10 mA are offered. All speed ranges 
are specified over the full 5 V + 10% range for military and industrial temperature ranges, and 
5 V+5% for commercial ranges. 

The ATF20V8BL provides the low power CMOS PLD solution, with low DC power (5.0 mA 
typical). The ATF20V8BL significantly reduces total system power and enhances system 
reliability 

The ATF20V8Bs incorporate a superset of the generic architectures, which allows direct re- 
placement of the 20R8 family and most 24-pin combinatorial PLDs. Eight outputs are each 
allocated eight product terms. Three different modes of operation, configured automatically 
with software, allow highly complex logic functions to be realized. 


DIP PLCC 


Pin Configurations 


[PinName Function 
FIN __| Logic Inputs 


[OE | OutputEnable 
[+ | No Internal Connection | 


1 
2 
3 
4 
5 
6 
7 
8 
9 


SIZS555555525 
2 
= 
8 
S55 355 


IN *_IN 
IN GND OE/IN vO 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 


Temperature Under Bias -55°C to +125°C mum Ratings” may cause permanent damage to the device. 
o o This is a stress rating only and functional operation of the de- 

Storage Temperature “65°C to +150°C vice at these or any other conditions beyond those indicated in 

—— the operational sections of this specification is not implied. 
hoes ral lel om Exposure to absolute maximum rating conditions for extended 

aia periods may affect device reliability. 
Voltage on Input Pins 
with Respect to Ground Note: 
During Programming -2.0 V to +14.0 V") 1. Minimum voltage is -0.6 V dc, which may undershoot to -2.0 V 
; f for pulses of less than 20 ns. Maximum output pin voltage is 

Programming Voltage with (1) Vcc + 0.75 V dc, which may overshoot to 7.0 V for pulses of 
Respect to Ground -2.0 V to +14.0 V less than 20 ns. 


D.C. and A.C. Operating Conditions 
Commercial Industrial Milita 


Operating Temperature (Case) 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+5% 5V+10% 5V+10% 


D.C. Characteristics 


Symbol Parameter Condition Min Max Units 


Input or /O Low . 
lit Leakage Current 0 < Vin < Vi_(MAX) 150 pA 


Input or I/O High 
in Leakage Current 3.5 < Vin s Voc 10 yA 
Veo = MAX, ATF20ven 4 COM UL Ws 
loc Briel Supply Current, Vin = MAX Ind., Mil. 120 mA 
andby 
Outputs Open ATF20V8BL Com. 7 10 mA 
nd., Mil. 15 mA 
(2) 
Clocked Power Supply Vcc = MAX, Com. 15 mA/MHz 
Current Outputs Open AIF POVBBL ind. Mil 20) mMAMHz") 
loca | Clocked Power Supply Gor uiwonan ome 115 mA 
Current {=25 MHz Ind., Mil. 140 mA 
(1) | Output Short Circuit _ i 
Input Low Voltage -0.5 0.8 Vv 
Input High Voltage 2.0  Vcc+0.75 V 
Vin=VinorVit, loL=24mA_— Com., Ind. 0.5 V 
VoL Output Low Voltage Voc = MIN lnaiemA Mi. ae y 


Vor | Output High Voltage YINSMIOF VIL) Igy = -4.0 mA 2.4 V 


Notes: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. 
2. Low frequency only, contact factory for Icc versus frequency characterization curves. 
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A.C. Waveforms “) 


INPUTS, VO 
REG. FEEDBACK 
‘ — 


eo oy +E 
some |e XX ha 
tPD ais tEA, 


COMBINATORIAL HIGH Z [LV OUTPUT 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics ‘" 


_ 


Input or Feedback to 
Non-Registered Output 


Clock to Feedback 


No Feedback 1/(tp) 


Input to Output Enable — 
Product Term 


Input to Output Disable — 
Product Term 


Note: 1. See ordering information for valid part numbers and speed grades. 


Input Test Waveforms and Output Test Loads: 
Measurement Levels: Commercial Military 
3.0V 5.0V 5.0V 
AC AC 
DRIVING MEASUREMENT R1=200 R1=390 
R2=390 CL=50pF R2=750 CL=50pF 
IR, tF < Sns (10% to 90%) a a 
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Pin Capacitance (f= 1 MHz, T = 25°C) 


Typ Max Units Conditions 
5 8 pF Vin = 0V 
6 8 pF Vout = 0V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Power Up Reset 

The registers in the ATF20V8Bs are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing VrsT, 
all registers will be reset to the low state. As a result, the regis- 
tered output state will always be high on power-up. 


This feature is critical for state machine initialization. However, 


due to the asynchronous nature of reset and the uncertainty of 


how Vcc actually rises in the system, the following conditions 
are required: 
1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and’ 


3) The signals from which the clock is derived must remain 
stable during tpr. 


Preload of Registered Outputs 


The ATF20V8B’s registers are provided with circuitry to allow 
loading of each register with either a high ora low. This feature 
will simplify testing since any state can be forced into the regis- 
ters to control test sequencing. A JEDEC file with preload is 
generated when a source file with vectors is compiled. Once 
downloaded, the JEDEC file preload sequence will be done au- 
tomatically by most of the approved programmers after the 
programming. 


VRsT 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
tw * 
CLOCK : 


Parameter Description Typ 


Power-Up 
tee Reset Time 600 


Power-Up 
Reset 
Voltage 


Security Fuse Usage 

A single fuse is provided to prevent unauthorized copying of the 
ATF20V8B fuse patterns. Once programmed, fuse verify and 
preload are inhibited. However, the 64-bit User Signature re- 
mains accessible. 


The security fuse should be programmed last, as its effect is 
immediate. 
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Input and I/O Pull-Ups 


The ATF20V8B and ATF20V8BL have internal input and I/O 
active pull-up resistors. Therefore, whenever inputs or I/Os are 
not being driven externally, they will float to Vcc. This ensures 
that all logic array inputs are at known states. These are rela- 
tively weak active pull-ups that can easily be overdriven by 
TTL-compatible drivers (see input and I/O diagrams below). 


Input Diagram 


vcc vcc 


INPUT |___> 


ESD 
PROTECTION 
CIRCUIT 


Functional Logic Diagram Description 


The Logic Option and Functional Diagrams describe the 
ATF20V8B architecture. Eight configurable macrocells can be 
configured as a registered output, combinatorial I/O, combina- 
torial output, or dedicated input. 

The ATF20V8B can be configured in one of three different 
modes. Each mode makes the ATF20V8B look like a different 
device. Most PLD compilers can choose the right mode auto- 
matically. The user can also force the selection by supplying the 
compiler with a mode selection. The determining factors would 
be the usage of register versus combinatorial outputs and dedi- 
cated outputs versus outputs with output enable control. 


The ATF20V8B universal architecture can be programmed to 
emulate many 24-pin PAL devices. These architectural subsets 


Compiler Mode Selection 


OrCAD-PLD 
PLDesigner 
Tango-PLD 


“Registered” 
P20V8R 
G20V8R 


“Complex” 
P20V8C 
G20V8C 


V/O Diagram 
VCC VCC 
se Riyp. = 50KQ 
DATA } vo 
FEEDBACK 


can be found in each of the configuration modes described in the 
following pages. The user can download the listed subset de- 
vice JEDEC programming file to the PLD programmer, and the 
ATF20V8B can be configured to act like the chosen device. 
Check with your programmer manufacturer for this capability. 


Unused product terms are automatically disabled by the com- 
piler to decrease power consumption. A Security Fuse, when 
programmed, protects the content of the ATF20V8B. Eight 
bytes (64 fuses) of User Signature are accessible to the user for 
purposes such as storing project name, part number, revision, or 
date. The User Signature is accessible regardless of the state of 
the Security Fuse. 


GAL20V8A 
P20V8A 
G20V8 


“Simple” 
P20V8C 
G20V8AS 
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ATF20V8B Registered Mode 

PAL Device Emulation / PAL Replacement 

The registered mode is used if one or more registers are re- 
quired. Each macrocell can be configured as either a registered 
or combinatorial output or I/O, or as an input. For a registered 
output or I/O, the output is enabled by the OE pin, and the reg- 
ister is clocked by the CLK pin. Eight product terms are allo- 
cated to the sum term. For a combinatorial output or I/O, the 
output enable is controlled by a product term, and seven product 


Registered Mode Option 


eee Si 
OE pin - 0 
1) 
0 Ee nS 
a 
7 —{ > 
XOR 4 
CLK pin 


terms are allocated to the sum term. When the macrocell is con- 
figured as an input, the output enable is permanently disabled. 
Any register usage will make the compiler select this mode. 
The following registered devices can be emulated using this 
mode: 


20R8 20RP8 
20R6 20RP6 
20R4 20RP4 


—s 


\N_/ ® 
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Registered Mode Logic Diagram 


CLK 
12) cr 
INPUT LINES 
0 4 8 12 16 20 24 28 32 36 
2(3) Co ~ AT <J  23(27 
+14} }}___,tt hs 
oat —_ +——— — L-—— + + }——J + ———______{") 
ms ay 2 ae a ae ae a (eC ee] RE CC ) ee ee) fee) ee) De (| ee a ee Ge (ee 4 ee 
a a fe tee St a Do tl lol ene Se LOGIC P| 
2 ee le Oe A sO 
34) C>—e 4 At docd | APTA 
ATT TTT TT 
ete OUTPUT id 
See ee cee ae eee sea eeee See ence cee eee eeereet & oe 21 (25) 
SS ee SS SS a ee Se ee © a 
SS OS OS a as Oe se Oe a es a ae Os Os 8 Se 0 Os a 0 LOGIC 
Se oe SS eS eee 
ee oo ae Se Se ee ee Fl i SH 
4(3) Cok EEE MEDS CA 
FEAR ASE RS oe RD ERDMTRE ¥ 
Se a A SC ee A ee oe Lp 
See ee eee eee ete cn ese aces esse et OUTPUT Ss o> 1 2)) 
Pe ee eee eee eee ee ee ee ee ee eee ee 2S ee a 
or ————————————————————— ee ee eS COoLoe 
eee eee eee ea 
a a a a sO GS Se eS a SD OOF Oe 
PTT TT tT TT TT TT TT TT z 
SS Se aS a a Ca es a Rs a A OS OO oe 
el Ee ee ee eee (Oureur Se C3 =19(23) 
2 SS ee ee ee 2 ee 
ptt ft tf tt tt 
en re 20 0 ee ee ee eee LOGIC ¥ 
se on oe tt SSS A sy a a as Ca a eH a i ee 2 
_ ' PT) AP Tt AE: 
TdT Ty Himtiie i a OM aa a w 
a tt tt tt 
SSE ee ee or OUTPUT Be rr 18 (21) 
ee ee 
Tee ee eS COoLoce 
Ce CO EC Es) RS yg GA KR Cr Ae A a) Fs A SO a OD a LS 
Se os ee oo ee 
TTT TTT Tt TT TT Be 
DEE Se ee ee ee ee ee Se eee eS SS a ol ee ee 
LL  —— ——— —————— — ——— ——————— SS SE O(OuiPUuT. 5 rc 17(20) 
Sy a al a a a ae a Ga Ga na GD CR OR a FT A aR OC A OD C(O 
Se aH Se a SR SA a aa et Gk RR a a I SS sO ew ee a 
dE SS ere 
So) ee SS ee 
PTT TT tT TT oe 
Se a ey 2 SS es ey oe ee SSS SS ss A Sa Oe a a a a ES © a eB 
a Oe ee ee ee ee ee ee 2 OUTPUT >: a 16(19 
SS Oe Oe Oe 0 ee ee eee et a 
= es) a A a OS a el ae ee 
4 pp tte th SS SS ee ey ey ey ee ee ‘See oe a ee yee HHH LOGIC 
a a SD AY RT SE) RD AD a A A A Ga) a) BD 


= = 
oo Tt 
CEA 


J 15 (18) 


01) 
_ Mt im 


11(13) Co Cc (14(17 


I<] 1316) 


1-25 


ANMEL 


ATF20V8B Complex Mode 
PAL Device Emulation/PAL Replacement 


In the Complex Mode, combinatorial output and I/O functions 
are possible. Pins 1 and 13 are regular inputs to the array. Pins 


Combinatorial applications with an OE requirement will make 
the compiler select this mode. The following devices can be em- 
ulated using this mode: 


16 through 21 have pin feedback paths back to the AND-array, 20L8 
which makes full I/O capability possible. Pins 15 and 22 (outer- 20H8 
most macrocells) are outputs only. They do not have input ca- 20P8 
pability. In this mode, each macrocell has seven product terms 
going to the sum term and one product term enabling the output. 
Complex Mode Option 
0 > 
1 e 
: Ae te 
7 ) > KS 
XOR 
| Pins 15 and 22 do not have this feedback path. 
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Complex Mode Logic Diagram 
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ATF20V8B Simple Mode 
PAL Device Emulation / PAL Replacement 


In the Simple Mode, 8 product terms are allocated to the sum 
term. Pins 18 and 19 (center macrocells) are permanently con- 
figured as combinatorial outputs. Other macrocells can be either 
inputs or combinatorial outputs with pin feedback to the AND- 
array. Pins 1 and 13 are regular inputs. 


Simple Mode Option 


The compiler selects this mode when all outputs are combinato- 
rial without OE control. The following simple PALs can be em- 
ulated using this mode: 


14L8 14H8 14P8 
16L6 16H6 16P6 
18L4 18H4 18P4 
20L2 20H2 20P2 


Pins 18 and 19 do not have this feedback path. 


*- Pins 18 and 19 are always enabled. 
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Simple Mode Logic Diagram 
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Ordering Information 


ATF20V8B-7GC 24D3 
ATF20V8B-7JC 28J 
ATF20V8B-7PC 


ATF20V8B-10GC 
ATF20V8B-10JC 
ATF20V8B-10PC 
ATF20V8B-10SC 


ATF20V8B-10GI 
ATF20V8B-10JI 
ATF20V8B-10PI 
ATF20V8B-10SI 


ATF20V8B-10GM 24D3 Military 
ATF20V8B-10NM 28L (-55°C to 125°C) 
ATF20V8B-10GM/883 24D3 Military/883C 
ATF20V8B-10NM/883 28L (-55°C to 125°C) 
Class B, Fully Compliant 


ATF20V8B-15GC Commercial 
ATF20V8B-15JC (0°C to 70°C) 
ATF20V8B-15PC 
ATF20V8B-15SC 


ATF20V8B-15GI 
ATF20V8B-15JI 
ATF20V8B-15PI 
ATF20V8B-15SI 


ATF20V8B-15GM 24D3 Military 
ATF20V8B-15NM 28L (-55°C to 125°C) 
ATF20V8B-15GM/883 24D3 Military/883C 
ATF20V8B-15NM/883 28L (-55°C to 125°C) 
Class B, Fully Compliant 


ATF20V8B-25GC Commercial 
ATF20V8B-25JC (0°C to 70°C) 
ATF20V8B-25PC 
ATF20V8B-25SC 


ATF20V8B-25GI Industrial 
ATF20V8B-25JI (-40°C to 85°C) 
ATF20V8B-25PI 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Industrial 
(-40°C to 85°C) 


ATF20V8B-25SI 
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Ordering Information 


ATF20V8BL-10GC Commercial 
ATF20V8BL-10JC (0°C to 70°C) 
ATF20V8BL-10PC 


ATF20V8BL-10GI Industrial 
ATF20V8BL-10uI (-40°C to 85°C) 
ATF20V8BL-10PI 

ATF20V8BL-10S! 


ATF20V8BL-15GC Commercial 


ATF20V8BL-15JC (0°C to 70°C) 
ATF20V8BL-15PC 
ATF20V8BL-15SC 


ATF20V8BL-15GI Industrial 
ATF20V8BL-15Jl (-40°C to 85°C) 
ATF20V8BL-15PI 

ATF20V8BL-15SI 


ATF20V8BL-15GM Military 
ATF20V8BL-15NM (-55°C to 125°C) 


ATF20V8BL-15GM/883 Military/883C 
ATF20V8BL-15NM/883 (-55°C to 125°C) 
Class B, Fully Compliant 


[2403 | 4 Lead, 0.500" Wide, Coraric Dual nine Package (Cordp) 
28s | 28 Lead, Pastis Leaded Chip Carier(PLCG) SSS 
ears 
ras 


24 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


e Quarter Power Equivalent of ATF20V8B - 55 mA Maximum 
e Low Power ATF20V8BQL - 10 mA Maximum Standby 
e industry Standard Architecture 
Emulates Many 24-Pin PALs® 
Low Cost Easy-to-Use Software Tools 
e High Speed Electrically Erasable Programmable Logic Devices 
10 ns Maximum Pin-to-Pin Delay 
e CMOS and TTL Compatible Inputs and Outputs 
Input and I/O Pull-Up Resistors 
e Advanced Flash Technology 
Reprogrammable 
100% Tested 
e High Reliability CMOS Process 
20 Year Data Retention 
100 Erase/Write Cycles 
2,000 V ESD Protection 
200 mA Latchup Immunity 
e Full Military, Commercial, and Industrial Temperature Ranges 
e Dual-in-Line and Surface Mount Packages In Standard Pinouts 


High 
Performance 
Flash PLD 


Advanced 
Information 


Block Diagram 


PROGRAMMABLE 
14 INTERCONNECT LOGK 
AND 


INPUT PINS —_ 


COMBINATORIAL 


LOGIC ARRAY (UP To 8 
FLIP-FLOPS) 


Description 


The ATF20V8BQs are high performance CMOS (Electrically Erasable) Programmable Logic 
Devices (PLDs) which utilize Atmel’s proven electrically erasable Flash memory technology. 
Speeds down to 10 ns and power dissipation as low as 10 mA are offered. All speed ranges are 
specified over the full 5 V + 10% range for military and industrial temperature ranges, and 5 V 
+ 5% for commercial ranges. 

The ATF20V8BQL provides the low power CMOS PLD solution, with low DC power (5.0 
mA typical). The ATF20V8BQL significantly reduces total system power and enhances sys- 
tem reliability 

The ATF20V8BQs incorporate a superset of the generic architectures, which allows direct 
replacement of the 20R8 family and most 24-pin combinatorial PLDs. Eight outputs are each 
allocated eight product terms. Three different modes of operation, configured automatically 
with software, allow highly complex logic functions to be realized. 


DIP PLCC 


CLK/IN 


Pin Configurations 


Clock 


IN| Logicinputs 
vcc 


[OE | Output Enable 
[+ | No intemal Connection | 
vec |+5VSupply 


1 
2 
3 
4 
5 
6 
7 
8 


SIZ5555555525 
= 
i 
555-555 


IN *__IN 
IN GND OEF/IN vO 
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D.C. and A.C. Operating Conditions 


Commercial 
0°C - 70°C 


Operating Temperature (Case) 


Milita 
-55°C - 125°C 


Industrial 


-40°C - 85°C 


Vcc Power Supply 


5V+5% 


Functional Description 


The ATF20V8BQ can be configured in one of three different 
modes. Each mode makes the ATF20V8BQ look like a different 
device. The ATF20V8BQ macrocells can be a registered out- 
put, combinatorial I/O, combinatorial output, or dedicated input. 
Most PLD compilers can choose the right mode automatically. 
The user can also force the selection by supplying the compiler 
with a mode selection. The determining factors would be the 
usage of register versus combinatorial outputs and dedicated 
outputs versus outputs with output enable control. 


The ATF20V8BQ universal architecture can be programmed to 
emulate many 24-pin PAL devices. These architectural subsets 
can be found in each of the configuration modes described in the 


Compiler Mode Selection 


CUPL G20V8MS 


Registered Complex Simple Auto Select 
ABEL, Atmel-ABEL P20V8R P20V8C P20V8AS P20V8 


G20V8MA 


LOG/IC GAL20V8_R GAL20V8_C7 GAL20V8_C8 GAL20V8 
OrCAD-PLD “Registered” “Complex” “Simple” GAL20V8A 
PLDesigner P20V8R P20V8C P20V8C P20V8A 
Tango-PLD G20V8R G20V8C G20V8AS G20V8 


5V+10% 5V+10% 


following pages. The user can download the listed subset de- 
vice JEDEC programming file to the PLD programmer, and the 
ATF20V8BQ can be configured to act like the chosen device. 
Check with your programmer manufacturer for this capability. 


Unused product terms are automatically disabled by the com- 
piler to decrease power consumption. A Security Fuse, when 
programmed, protects the content of the ATF20V8BQ. Eight 
bytes (64 fuses) of User Signature are accessible to the user for 
purposes such as storing project name, part number, revision, or 
date. The User Signature is accessible regardless of the state of 
the Security Fuse. 


G20V8AS G20V8 


+38 «©606. ATF20V8BQ/BQL cme 


ii nme oh Oe YI OR EL. 


Features 


e industry Standard Architecture 
Low-Cost, Easy-To-Use Software Tools 
e High Speed Electrically Erasable Programmable Logic Device 
7.5 ns Max Propagation Delay 
e Low Power ATF22V10BL - 10 mA Maximum Standby 
e CMOS and TTL Compatible Inputs and Outputs 
Input and I/O Pull-Up Resistors 
e Advanced Flash Technology 
Reprogrammable 
100% Tested 
e High Reliability CMOS Technology 
20 Year Data Retention 
100 Erase/Write Cycles 
2,000 V ESD Protection 
200 mA Latchup Immunity 
Full Military, Commercial and Industrial Temperature Ranges 
Dual-in-Line and Surface Mount Packages in Standard Pinouts 


Logic Diagram 


PROGRAMMABLE 
INTERCONNECT 
AND 
COMBINATORIAL 

LOGIC ARRAY 


12 
INPUT PINS 


10 
VO PINS 


(UP TO 10 
FLIP-FLOPS) 


Description 

The ATF22V10B and ATF22V10BL are high performance CMOS (Electrically Erasable) 
Programmable Logic Devices (PLDs) which utilize Atmel’s proven electrically erasable Flash 
memory technology. Speeds down to 7.5 ns and power dissipation as low as 10 mA are of- 
fered. All speed ranges are specified over the full 5 V + 10% range for military and industrial 
temperature ranges, and 5V + 5% for commercial ranges. 

The ATF22V10BL provides the fastest low power CMOS PLD solution, with low DC power 
(5.0 mA typical). The ATF22V10BL significantly reduces total system power and enhances 
system reliability. 

The ATF22V10B and ATF22V10BL incorporate a variable product term architecture. Each 
output is allocated from eight to 16 product terms, which allows highly complex logic func- 
tions to be realized. 

Two additional product terms are included to provide synchronous preset and asynchronous 
reset. These terms are common to all 10 registers. All registers are automatically cleared upon 
power up. 

Register Preload simplifies testing. A Security Fuse prevents unauthorized copying of pro- 
grammed fuse patterns. 
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CLKAN VCC VO 
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Pin Configurations 
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Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


Voltage on Input Pins 
with Respect to Ground 


During Programming -2.0 Vto +14.0 


Programming Voltage with 
Respect to Ground 


-2.0 V to +14.0 Vv") 


Logic Options 
Oo To 
Output 


From 
ae | Output 


Output Options 
» OE 
From 
Logic /O 
Option 


D.C. and A.C. Operating Conditions 


Commercial 


Operating Temperature (Case) 


0°C - 70°C 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 


mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Voc+0.75 V de which may overshoot to +7.0.V for pulses 
of less than 20 ns. : 


Output 


Industrial Milita 
-40°C - 85°C -55°C - 125°C 


Vcc Power Supply 5V+5% 


5V+10% 5 V+ 10% 
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Input and I/O Pull-Ups 


The ATF22V10B and ATF22V10BL have internal input and 
I/O active pull-up resistors. Therefore, whenever inputs or I/Os 
are not being driven externally, they will float to Vcc. This en- 
sures that all logic array inputs are at known states. These are 
relatively weak active pull-ups that can easily be overdriven by 
TTL compatible drivers (see input and I/O diagrams below). 


Input Diagram 


VCC Vcc 


INPUT [ i> 


ESD 
PROTECTION 
CIRCUIT 


D.C. Characteristics 


Symbol Parameter 


Input or I/O Low 
Leakage Current 


Input or I/O High 
Leakage Current 


Condition 


| 0 < Vin < ViL(MAX) 


IL 
ILo 3.5< Vin < Vcc 
Ic 


Clocked Power Supply Vcc = MAX, 
C2 | Current Outputs Open 


VCC = MAX 
Clocked Power Supply 
loc3 Current Outputs Open, 


f=25 MHz 
log (1) Output Short Circuit 
OS Current 


Input Low Voltage 
V 


Power Supply Current, VOC = MAX, 
© | Standb ie 
y Outputs Open 


VouT = 0.5 V 


L 
Output Low Voltage VIN= VIH Or VIL, 


| 
| 
0 Voc = MIN 


ATF22V10BL 


//O Diagram 
vcc Vcc 
ae Rtyp. = 50KQ 
DATA ie) 
FEEDBACK 


Min Typ Max 


Com. 

Ind., Mil. 

Com. 

Ind., Mil. 

Com. mA/MHz") 
nd., Mil. mA/MHz) 
Com. mA 


Ind., Mil. mA 


ATF22V10B 


ATF22V10BL 


-130 mA 
-0.5 0.8 V 


Input High Voltage 2.0 Voc+0.75 V 


lo.=16mA  Com.,Ind. 0.5 
loL.=12mA_ Mil. 
loL.=24mA Com. 


; ViN=VIH OF VIL, 7 
fe) Output High Voltage Voc=MIN IOH = -4.0 MA 2.4 V 


Notes: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. 
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2. See Icc versus frequency characterization curves. 


A.C. Waveforms'”) 


Note: 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. PRESE} 


cP 
ASYNCH. RESET 7 — 
tEA 


=| YiXer Kar XX Cee 
vy, tEA 


COMBINATORIAL 
OUTPUTS 


1. Timing measurement reference is 1.5 V. Input A.C. driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics”) 


External Feedback 1/(ts + tco) 


FMAX. | Internal Feedback 1/(ts + tcF) 
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No Feedback 


Clock Period 


Clock Width 
Input or I/O to Output Enable 


Input or I/O to Output Disable 


of Register 


Synchronous Preset to Clock 
Recovery Time 


1. See ordering information for valid part numbers. 


ATF22V10B/BL 


Input Test Waveforms and 


Measurement Levels 
3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 


0.0V 


tR,tF<3ns (10% to 90%) 


Pin Capacitance (f= 1 MHz, T = 25°C) 


ATF22V10B/BL 


Output Test Loads: 
Commercial Military 
5.0V 5.0V 
R1=250 2 R1=338 2 
OUTPUT OUTPUT 
PIN PIN 
R2=2167 2 T CL=50pF R2=2248 0 T CL=50pF 


Note: 


Power Up Reset 


The registers in the ATF22V10B and ATF22V10BL are de- 
signed to reset during power up. At a point delayed slightly 
from Vcc crossing 3.8 V, all registers will be reset to the low 
state. The output state will depend on the polarity of the output 
buffer. 


This feature is critical for state machine initialization. How- 
ever, due to the asynchronous nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 

1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Preload of Registered Outputs 


When testing state machine designs, all possible states and state 
transitions must be verified in the design, not just those required 
in the normal machine operations. This is because certain events 
may occur during system operation that throw the logic into an 
illegal state (power-up, line voltage glitches, brown-outs, etc.). 
To test a design for proper treatment of these conditions, a way 
must be provided to break the feedback paths, and force any 
desired (i.e., illegal) state into the registers. Then the machine 
can be sequenced and the outputs tested for correct next state 
conditions. 

The ATF22V10B/BL device includes circuitry that allows each 
registered output to be synchronously set either high or low. 
Thus, any present state condition can be forced for test sequenc- 
ing. If necessary, approved programmers capable of executing 
test vectors perform output register preload automatically. 


Typ Max 


5 8 pF Vin =0V 
6 8 pF Vour = 0 V 


Units Conditions 


1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


3.8 V 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
tw 
CLOCK 


Parameter Description Min Typ Max Units 
Power-Up 
fe Reset Time 600 1000 ns 


Device Programming 


ATF22V10B/BL devices are programmed using an Atmel-ap- 
proved logic programmer, available from a number of manufac- 
turers. Complete programming of the device takes only a few 
seconds. Erasing of the device is transparent to the user, and is 
done automatically as part of the programming cycle. 


Security Fuse Usage 

A single fuse is provided to prevent unauthorized copying of the 
ATF22V10B fuse patterns. Once programmed, fuse verify and 
preload are inhibited. However, the 64 bit User Signiture re- 
mains accessible. 


The security fuse should be programmed last, as its effect is 
immediate. 
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Functional Logic Diagram ATF22V10B/BL 
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ATF22V10B/BL 


SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
ATF22V10B (TA = 25C, VCC = 5V) »__ATF22V10BL (TA = 250, VCC = 5V) 


Qa 


‘ 
Cc 
“ Cc 
m m 
A 2w A 
0 
0 15 %” 45 60 75 0 15 kK) 45 60 75 
Frequency (MHz) Frequency (MHz) 
NORMALIZED SUPPLY CURRENT NORMALIZED ICC vs. AMBIENT TEMP. 
vs. SUPPLY VOLTAGE 3 f = 50 MHz 
N 1.4 N , 

ia ; 

: ; 1.1 
' 40 . 

‘ 0.9 

0.8 

l i 
c c 

Cc 06 c 07 

40 45 5.0 5.5 6.0 -55 -25 5 35 65 95 125 
Supply Voltage (V) Ambient Temperature (C) 
OUTPUT SINK CURRENT OUTPUT SINK CURRENT 
vs. SUPPLY VOLTAGE (VOL = 0.5V) 

ie] 3° 
' t 
Pp Pp 
c c 
t t 


OUTPUT SOURCE CURRENT 
vs. SUPPLY VOLTAGE (VOH = 2.4V) 


° ° 
u u 
t -10 t 
Pp P 
u u 
t -20 t 
c men c 
u -30 u 
t e 
r r 
. “ e 
n n 
t t 


5.5 6.0 


. 5.0 
Supply Voltage (V) 
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OEE 
NORMALIZED TPD NORMALIZED TPD 
vs. SUPPLY VOLTAGE vs. TEMPERATURE 
N 1.3 N : 
“ 1.2 " 
1 
' V1 . 
‘ ‘ 
1.0 
T T 
P P 
dD 09 fs) 
4.0 45 5.0 5.5 6.0 -55 “25 5 35 65 95 125 
Supply Voltage (V) Ambient Temperature (C) 
NORMALIZED TCO NORMALIZED TCO 
vs. SUPPLY VOLTAGE vs. TEMPERATURE 
N n 13 
: nar 
1 i 
I 4 
- 4 (08 
T T 
Cc Cc 
° o 07 
55 “25 5 35 65 95 125 
Supply Voltage (V) Ambient Temperature (C) 
NORMALIZED TS NORMALIZED TS 
vs. SUPPLY VOLTAGE vs. TEMPERATURE 
0 15 " 1.4 
4s 3 
a a 12 
! I 
i ota ' 
: : 1.0 
¢ 09 a 
T T 
s 
0.7 0.8 
4.0 45 5.0 5.5 6.0 55 a) 5 35 65 95 125 
Supply Voltage (V) Ambient Temperature (C) 
DELTA TPD vs. OUTPUT LOADING DELTA TCO vs. OUTPUT LOADING 
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D D 
- 
t t 
a a 6 
T T 
P c 3 
D ° 
fn n 0 
3 
0 100 200 300 400 
Output Load (jig incld) Capacitance pF Output Load (jig incld) Capacitance pF 
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eng Information 


ATF22V10B-7GC 
ATF22V10B-7JC 
ATF22V10B-7PC 


ATF22V10B-10GC 
ATF22V10B-10JC 

ATF22V10B-10PC 
ATF22V10B-10SC 


ATF22V10B-10GI 
ATF22V10B-10Jl 

ATF22V10B-10PI 
ATF22V10B-10S! 


ATF22V10B/BL 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


ATF22V10B-10GM 24D3 Military 
ATF22V10B-10NM 28L (-55°C to 125°C) 


ATF22V10B-10GM/883 24D3 
ATF22V10B-10NM/883 28L 


ATF22V10B-15GC 
ATF22V10B-15JC 

ATF22V10B-15PC 
ATF22V10B-15SC 


ATF22V10B-15GI 
ATF22V10B-15Jl 

ATF22V10B-15PI 
ATF22V10B-15S| 


ATF22V10B-15GM 24D3 
ATF22V10B-15NM 28L 
ATF22V10B-15GM/883 24D3 
ATF22V10B-15NM/883 28L 


ATF22V10B-25GC 
ATF22V10B-25JC 

ATF22V10B-25PC 
ATF22V10B-25SC 


ATF22V10B-25GI 
ATF22V10B-25Jl 

ATF22V10B-25PI 
ATF22V10B-25SI 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AIMET 


Ordering Information 


ATF22V10BL-10GC 24D3 Commercial 
ATF22V10BL-10JC (0°C to 70°C) 
ATF22V10BL-10PC 


ATF22V10BL-15GC 
ATF22V10BL-15JC 
ATF22V10BL-15PC 
ATF22V10BL-15SC 


ATF22V10BL-15GI Industrial 
ATF22V10BL-15JI 28J (-40°C to 85°C) 
ATF22V10BL-15PI 24P3 
ATF22V10BL-15SI 


ATF22V10BL-15GM 24D3 Military 
ATF22V10BL-15NM 28L (-55°C to 125°C) 
ATF22V10BL-15GM/883 24D3 Military/883C 
28L (-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


ATF22V10BL-15NM/883 


Package Type 
| 2403 24 Lead, 0.300" Wide, Ceramic Dual Inline Package (Cerdip) 
28 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
28L 


28 Pad, Ceramic Leadless Chip Carrier (LCC) 
24 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


e Quarter Power Equivalent of ATF22V10B - 55 mA Maximum 
e Low Power ATF22V10BQL - 10 mA Maximum Standby 
e Industry Standard Architecture 
Low-Cost, Easy-To-Use Software Tools 
e High Speed Electrically Erasable Programmable Logic Device 
10 ns Max Propagation Delay 
e CMOS and TTL Compatible Inputs and Outputs 
Input and I/O Pull-Up Resistors 
e Advanced Flash Technology 
Reprogrammable 
100% Tested 
e High Reliability CMOS Technology 
20 Year Data Retention 
100 Erase/Write Cycles 
2,000 V ESD Protection 
200 mA Latchup Immunity 
e Full Military, Commercial and Industrial Temperature Ranges 
e Dual-in-Line and Surface Mount Packages In Standard Pinouts 


Logic Diagram 


OE PRODUCT TERMS 


= LOGIC i 
pa) OPTION OUTPUT 


OPTION 


PROGRAMMABLE 
INTERCONNECT 
AND 
COMBINATORIAL 
LOGIC ARRAY 


12 
INPUT PINS 


10 


(UP To 10 
FLIP-FLOPS) 


Description 

The ATF22V10BQs are high performance CMOS electrically erasable) Programmable 
Logic Devices (PLDs) that utilize Atmel’s proven electrically erasable Flash memory tech- 
nology. Speeds down to 10 ns and power dissipation as low as 10 mA are offered. All speed 
ranges are specified over the full 5 V + 10% range for military and industrial temperature 
ranges, and 5 V + 5% for commercial ranges. 

The ATF22V10BQL provides the fastest low power CMOS PLD solution, with low DC 
power (5.0 mA typical). The ATF22V 10BQL significantly reduces total system power and 
enhances system reliability. (continued) 
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Description (Continued) 


The ATF22V10BQs incorporate a variable product term archi- 
tecture. Each output is allocated from eight to 16 product terms, 
which allows highly complex logic functions to be realized. 


Two additional product terms are included to provide synchro- 
nous preset and asynchronous reset. These terms are common to 


Logic Options 


To 


fe) 
fe) 
M Output 


From 
—— Soret 


Output Options 
D OE 
From 
Logic VO 
Option 


D.C. and A.C. Operating Conditions 


Commercial 
0°C - 70°C 


Operating Temperature (Case) 


all 10 registers. All registers are automatically cleared upon 
power up. 

Register Preload simplifies testing. A Security Fuse prevents 
unauthorized copying of programmed fuse patterns. 


Option 


industrial 
-40°C - 85°C 


Military 
-55°C - 125°C 


Vcc Power Supply 


5V+5% 


5V+ 10% 5V+10% 
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Features 
e 20-pin Universal EPLD 
e Virtually Zero Standby Power 
e Functional Replacement for Common 20-Pin Programmable Devices 
lol = 24mA 
e High Performance CMOS EPROM Cell Technology 
Erasable 
Reconfigurable 
100% Testablie 
25 ns and 35 ns Max Propagation Delay (Commercial) Ze ro-Standby 
30 ns and 40 ns Max Propagation Delay (industrial) Power 
Up to 18 Inputs and 8 Input/Output Macrocelis 
Programmable Output Polarity 
Power-Up Reset on all Registers 
Register Preload Capability 
Synchronous Preset/Asynchronous Reset 
Security Fuse to Protect Duplication of Proprietary Designs 
Design Support Provided using many Popular Software Development 
Packages for PLDs 
e Available in 300-mil-wide DIP with Quartz Window, Plastic DIP (OTP), or 
PLCC (OTP) 
e Second Source to Signetic’s PLC18V8Z/I 


20-Pin EPLD 


Description 

The AT18V8Z is a universal EPLD featuring high performance and virtually zero-standby 
power for power-sensitive applications. It is a reliable, user-configurable substitute for dis- 
crete TTL/CMOS logic. While compatible with TTL and HCT logic, the AT18V8Z can also 
replace HC logic over the Vcc range of 4.5 to 5.5 V. 

The AT18V8Z is a two-level logic element comprised of ten inputs, 74 AND gates (product 
terms), and eight output Macrocells. 

Each output features an “Output Macrocell” which can be individually configured as a dedi- 
cated input, a combinatorial output, or a registered output with internal feedback. As a result, 
the AT18V8Z is capable of emulating all common 20-pin programmable logic devices to re- 
duce documentation, inventory, and manufacturing costs. 

A power-up reset function and a Register Preload function have been incorporated into the 
AT18V8Z architecture to facilitate state machine design and testing. 

With a standby current of less than 100 A and active power consumption of 1.5 mA/MHz, 
the AT18V8Z is ideally suited for power-sensitive applications in battery-operated/backed 
portable instruments and computers. 

The AT18V8Z is also processed to industrial requirements for operation over an extended 
temperature range of -40°C to +85°C and supply voltage of 4.5 V to 5.5 V. 


Pin Configurations 
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995 BR SR SOSES BR BR BS LELCER BR SSS LOR GOSTK FES ORR SSS SRRERS REE RR BK OSES PR FH BH ACi 
BE SOS SS Seas SIS SES I ES SS RS EE SES le ise SS eS SESS Bie SES LIS ea SES SI -—D AC2 
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split] [iit {ttt tty Siiimaitiae Ll ee Oc 
AR SE SEK SS WA ai SE SESS HANNS SSE SES Bie SHRM SERS We SERS SEES SESH SS SBS D3 SBAIRS Be SS: oS 
mee, 
. = IE 
SLED pp MS Ee Shoe pe SEES 21Lyee SLesys SLEUAT S1s2jo SLe_eLe et 
Notes: 
In the unprogrammed or virgin state: 4. Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via 
1. All cells are in a conductive state. the configuration cell. The clock and OE functions are 
° 4 cory? & 
2. All AND gate locations are pulled to a logic “0” (Low). disabled. 
3. Output polarity is inverting. 5. All output macrocells (OMCs) are configured as bidirectional 


I/O, with the outputs disabled via the direction term. 
=< Denotes a programmable cell location. 


1-48 AVIOVOd ees meme 


AT18V8Z 


Absolute Maximum Ratings* Functional Diagram 


Operating Temperature 
(Commercial) 0°C to +75°C 


Operating Temperature 
(Industrial) -40°C to +85°C 


Storage Temperature -65°C to +150°C 


Supply Voltage -0.5 to +7 Voc 


Operating Supply Voltage 
(COMWIIOIGIAN) scdsascasissisisssescncesancsavess 4.75 to 5.25 Voc 


Operating Supply Voltage 
CHMCRIS EIA) 3. 582. rat Vilsissarchivadawnensinidonsnizawnes 4.5 to 5.5 Voc 


Input Voltages 
(including N.C. Pins) 
with Respect to Ground -0.5 V to Vcc+0.5 Voc 


PROGRAMMABLE AND ARRAY 
36 ROWS X 72 COLUMNS 


Output Voltages 
with Respect to Ground-......... 0.5 V to Vcc+0.5 Voc 


Input Currents -10 to +10 mA 
Output Currents 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


PAL Device to AT18V8Z Output Pin Configuration Cross Reference 


16L2 14L4 
16R4 16R6 16R8 
16H2 14H4 


The Atmel state-of-the-art floating-gate CMOS EPROM process the customer. Additionally, this allows Atmel to extensively 
yields bipolar equivalent performance at less than one-quarter the stress test, as well as ensure the threshold voltage of each indi- 
power consumption. The erasable nature of the EPROM process vidual EPROM cell. 100% programming yield is subsequently 
enables Atmel to functionally test the devices prior to shipment to guaranteed. 


PAL may be a registered trademark of AMD Corp. 


AIMEL 


AIMEL 


Output Macrocell (OMC) 


FROM AND 
ARRAY 


TO ALL OMCs 


DIRECTION 
CONTROL TERM 


OUTPUT 
POLARITY | 


 TERTERTOETIOL ICT IOS TCE Tee ee ee Tie Serer rie eee See 


Note: 
se Denotes a programmable cell location. 


Configuration Cell 

A single configuration cell controls the functions of Pins 1 and 
11. Refer to Functional Diagram. When the configuration cell is 
programmed, Pin 1 is a dedicated clock and Pin 11 is dedicated 
for output enable. When the configuration cell is unpro- 
grammed, Pins 1 and 11 are both dedicated inputs. Note that the 
output enable for all registered OMCs is common—from Pin 11 
only. Output enable control of the bidirectional I/O OMCs is 
provided from the AND array via the direction product term. 


If any one OMC is configured as registered, the configuration 
cell will be automatically configured (via the design software) 


Registered Mode Mode 


Fixed Fixed input mode mode 


Fixed output mode 


Note: 
1. This is the virgin state as shipped by the factory. 


1-50 AT18V8Z 


Control Cell Configurations 
Dacca Sco taleees Pores Comments 


Dedicated clock from Pin 1. OE control 
Programmed Programmed | Programmed for all registered OMCs from Pin 11 only. 
(1) Pins 1 and 11 are dedicated inputs. 
Bidirectional I/O mode‘’’ | Unprogrammed | Unprogrammed | Unprogrammed 3-State control from AND array only. 


Unprogrammed Unprogrammed |Pins 1 and 11 are dedicated inputs. 


ad ° 
Unprogrammed | Unprogrammed fetcback patli(tia Fae aed. 


The Output Macrocell (OMC) 


The AT18V8Z series devices have eight individually program- 
mable Output Macrocells. The 72 AND inputs (or product 
terms) from the programmable AND array are connected to the 
eight OMCs in groups of nine. Eight of the AND terms are ded- 
icated to logic functions; the ninth is for asynchronous direction 
control, which enables/disables the respective bidirectional I/O 
pin. Two product terms are dedicated for the Synchronous Pre- 
set and Asynchronous Reset functions. 


Each OMC can be independently programmed via 16 architec- 
ture control bits, AC1n and AC2n (one pair per macrocell), Sim- 
ilarly, each OMC has a programmable output polarity control 
bit (Xn). By configuring the pair of architecture control bits ac- 
cording to the configuration cell table, four different configura- 
tions may be implemented. Note that the configuration cell is 
automatically programmed based on the OMC configuration. 


Design Security 
The AT18V8Z series devices have a programmable security 
fuse that controls the access to the data programmed in the device. 


to ensure that the clock and output enable functions are enabled 
on Pins 1 and 11, respectively. If none of the OMCs are registered, 
the configuration cell will be programmed such that Pins 1 and 
11 are dedicated inputs. The programming codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 = Input | oH 


AT18V8Z 


Architecture Control: AC1 and AC2 


OMC Configuration 


Registered (D-type) DO 


OMC Configuration | Code | 


Bidirectional 1/0" 
(Combinatorial) 


) >—_-—ro, F (0) _< F ( 


OMC Configuration 


nedoumn | 0 


OMC Configuration _| Code | 


Fixed Input A 


NC—P CLK Q 
SP 

AR 
nc—{OE 


OMC Configuration 


Pin 1 = CLK L 
Pin 11 =OE 


OMC Configuration 


Pin 1 = Input 
Pin 11 = Input 


Notes: 
A factory shipped unprogrammed device is configured such that: 5. All Output Macrocells (OMCs) are configured as bidirectional 
1. This is the initial unprogrammed state. All cells are in a conduc- I/O, with the outputs disabled via the direction term. 
tive state. 6. This configuration cannot be used if any OMCs are configured 
2. All AND gates are pulled to a logic “O” (Low). as registered (Code = D). The configuration cell will be auto- 
3. Output polarity is inverting. matically configured to ensure that the clock and output en- 
4. Pins 1 and 11 are configured as inputs 0 and 9. The clock and able functions are enabled on Pins 1 and 11, respectively, if 
OE functions are disabled. any one OMC is programmed as registered. 
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D.C. Characteristics 
Tac = 0°C to +75°C, Vcc = 4.75 V to 5.25 V; Tal = -40°C to 85°C, Vcc = 4.5 V to 5.25 V; R2=390 Q 


Symbol Parameter Condition Min Typ Max Units 
VIL 


VIH Input High Voltage Voc = Max 2.0 Voc+0.3 


VOL (2) | Output Low Voltage 


Vou ®) 


Hi-Z State Output Current VOUT Yee us : 
VouT = GND -10 
Hos) | Short Circuit Output Current Vout = GND -130 mA 
Vcc Standby Supply Current ose oc (8) 100 yA 
Vcc Active Supply Current (CMOS Inputs) (5,6) 1.5 mA/MHz 
I/O Capacitance VeB=2.0V 15 DF 
Notes: 
1. All typical values are at Vcc = 5 V, Ta = +25°C. 5. Alcc/TLL input = 2 mA. 


2. All voltage values are with respect to network ground terminal. 6. Alcc vs. frequency (registered configuration) = 2 mA/MHz. 
3. Duration of short-circuit should not exceed one second. Test one 7. I for Pin 1 (Io/CLK) is+ 10 pA with Vin = 0.4 V. 

at a time. 8. Vin includes CLK and OE if applicable. 
4. Tested with TLL input levels: Vr_ = 0.45 V, Vy = 2.4 V. 

Measured with all outputs switching. 


A.C. Test Conditions Voltage Waveforms 


abe : Input Pulses 


ea 


Voc ¢ 


CL 


Notes: Note: All circuit delays are measured at the +1.5 V 
C; and C2 are to bypass Vcc to GND. level of inputs and outputs, unless otherwise 
Cy = 50 pF specified. 

Ri = 200 Q 

R2 = 390 Q 
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A.C. Read Characteristics 
Tac = 0°C to +75°C, Vcc = 4.75 V to 5.25 V; Tai = -40°C to 85°C, Voc = 4.5 V to 5.25 V; Ro= 390 Q 


AT18V8Z 


-25 -30 -35 
(Comm.) 


Parameter oe Units 


Clock Period 


Clock Width High CLK+ —CLK- 
Clock Width Low CLK-  CLK+ 


Asynchronous Reset 


Aid 
A 
< 


Input or Feedback Data 
mee an we fe fe fee fw 
Input of Feedback Data 
Delay from Input to 
Clock High to Output 
Product Term Enable to Lt, 
Outputs Off 
Pin 11 Output Disable to 
tcor [tious Fs ae 
Pin 11 Output Disable 
High to Outputs Off 
Pin 11 Output Enable to OF+ 
Active Output 
Asynchronous Reset 
Asynchronous Reset 
Synchronous Preset 
[tppR__ | Power-Up Reset Voo+ | 25] 30 | 
|fmax _|Maximum Frequency i | 30] 


AlMmEt 


Power Up Reset 

In order to facilitate state machine design and testing, a power- 
up reset function has been incorporated in the AT18V8Z. All 
internal registers will reset to Active-Low (logical “0”) after a 
specified period of time (tppr). 

Therefore, any OMC that has been configured as a registered 
output will always produce an Active-High on the associated 


Switching Waveforms Timing Diagram 


K 


output pin because of the inverted output buffer. The internal 
feedback (Q) of a registered OMC will also be set Low. The 
programmed polarity of OMC will not affect the Active-High 
output condition during a system power-up condition. 


vo.reasrenen 7/77K vaio weur Keane LIL 


CLK 
PIN 11 OE | 


REGISTERED 
OUTPUTS 


OvV2 


3-STATE 


nw i CY HHI, 


tpp O01 toes 
COMBINATORIAL 3-STATE 
OUTPUTS 


Power Up Reset Timing Diagram 


4.5V 


Vec 


eine 2 1.5V 


(INPUTS) \) LLL LL ZZ C15V 
oa UT 


Note: 


+5V 


1.5V 1.5V 1.5V 
toKH toxL 


tcp 


Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 
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AT18V8Z 


Asynchronous Reset Timing Diagram 


noycnponous 
meoamee NN NZ NZ NZ NZ NZS 


CLOCK 


Synchronous Preset Timing Diagram 


PRESET INPUT 
CLOCK 


REGISTERED i 
OUTPUT 
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Register Preload Function (Diagnostic Mode Only) 

In order to facilitate the testing of state machine/controller de- To read the data out, Pins 11 and 6 must be returned to normal 
signs, a diagnostic mode register preload feature has been incor- TLL levels. The outputs, Fo-7, must be enabled in order to read 
porated into the AT18V8Z series device. This feature enables data out. The Q outputs of the registers will reflect data in as 
the user to load the registers with predetermined states while a input via Fo.7 during preload. Subsequently, the register Q out- 
super voltage is applied to Pins 11 and 6 (1,/OE and Is). (See put via the feedback path will reflect the data in as input via Fo-7. 
diagram for timing and sequence). Refer to the voltage waveform for timing and voltage refer- 

ences. tpL = 10 psec. 


Register Preload (Diagnostic Mode) 


Io/CLK 


ei ee 

(PIN 1) N 
a ‘eae 

Fo.7 Y PRELOAD DATA IN y \ PRELOAD DATA OUT Lo DATA OUT Fo.7 
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Logic Programming 

The AT18V8Z series is fully supported by industry standard coded directly from logic equations using the Program Table. 
(JEDEC compatible) PLD CAD tools. ABEL™ and CUPL™ Similarly, various OMC configurations are implemented by 
design packages also support the AT18V8Z architecture. programming the Architecture Control bits AC1 and AC2. Note 
All packages allow Boolean and state equation entry formats. that the configuration cell is automatically programmed based 
ABEL and CUPL also accept, as input, schematic capture for- 0 the OMC configuration. 

mat. In this table, the logic state of variables I, P, and B associated 
AT18V8Z logic designs can also be generated using the pro- | With each Sum Term S is assigned a symbol which results in the 
gram table entry format, which is detailed on the following Proper fusing pattern of corresponding link pairs, defined as fol- 
pages. lows: 

With Logic programming, the AND/OR/Ex-OR gate input con- 

nections necessary to implement the desired logic function are 


Output Polarity (O, B) 


|__ Active Level__ | Code _ 
| Non-inverting | OH 


“AND” Array (I, B) 


I, B I, B , B  B 
I, B I, B I, B , B 
I B I, B 1, B 1, B 
Fr P P 


Pp 
State State State ___State__ | Code _| 
[pontcare | - | [ mactve™ | 0 Te | a 
Note: 
1. A factory-shipped unprogrammed device is configured such that all cells are in a conductive state. 


ABEL and CUPL may be registered trademarks of others. 
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Erasure Characteristics (For Quartz Window Packages Only) 


The erasure characteristics of the AT18V8Z Series devices are 
such that erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluorescent 
lighting could erase a typical AT18V8Z in approximately three 
years, while it would take approximately one week to cause era- 
sure when exposed to direct sunlight. If the AT18V8Z is to be 
exposed to these types of lighting conditions for extended peri- 
ods of time, opaque labels should be placed over the window to 
prevent unintentional erasure. 


Programing 
The AT18V8Z is programmable on conventional programmers 
for 20-pin PAL devices. 


Data I/O Corporation 
10525 Willows Road, N.E. 

P.O. Box 97046 

Redmond, Washington 98073-9746 
(800) 247-5700 


UNISITE 40/48 


MODEL 60 


Stag Microsystems, Inc. 
1600 Wyatt Drive, Suite 3 
Santa Clara, California 95054 
(408) 988-1118 


Programmer Manufacturer Programmer Model Family/Pinout Codes 


System 29B, LogicPak™ 
303A-011A; V09 (DIL) 
303A-011B; VO4 (PLCC) 


V2.6 (DIL) 
Chipsite (PLCC)-V2.8 


360A001 (DIL) 
360A006 (PLCC) 


ZL30/30A Programmer 
Rev. 30A34 (DIL) 
30A001 Adaptor (PLCC) 
PPZ Programmer 
TBA 


The recommended erasure procedure for the AT 18V8Z is expo- 
sure to shortwave ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be a minimum of 15 
Wsec/cm”, The erasure time with this dosage is approximately 
30 to 35 minutes using an ultraviolet lamp with a 12,000 
W/cm? power rating. The device should be placed within one 
inch of the lamp tubes during erasure. The maximum integrated 
dose a CMOS EPLD can be exposed to without damage is 7258 
Wsec/cm”. Exposure of these CMOS EPLDs to high intensity 
UV light for longer periods may cause permanent damage. 


Refer to the following charts for qualified manufacturers of pro- 
grammers and software tools: 


Software Manufacturer Development System 


Signetics Company 

811 East Arques Avenue 

P.O. Box 3409 

Sunnyvale, California 94088-3409 
(408) 991-2000 


Data I/O Corporation 

10525 Willows Road, N.E. 

P.O. Box 97046 

Redmond, Washington 98073-9746 
(800) 247-5700 


Logicai Devices, Inc. 

1201 Northwest 65th Place 
Fort Lauderdale, Florida 33309 
(800) 331-7766 


SNAP 

Rev. 1.6 and later 
SLICE 

Rev. 1.0 and later 
AMAZE Software 

Rev. 1.8 and later 


ABEL™ Software 


CUPL™ Software 
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Snap Resource Summary Designations 


Io/CLK cauon: CONFIG. 
DINVE: CELL 


I, _ 
ee 
ae eo 


PROGRAMMABLE AND ARRAY 
36 ROWS X 72 COLUMNS 


FROM AND 
ARRAY 
4 TO ALL OMCs 


PPT ET ET TET TPE PET eeTTTTe Pee eed Pee eee 


DIRECTION 
CONTROL TERM 


voy 
TOALLOMCs Ta] op 


Note: 
st Denotes a programmable cell location. 
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Icc vs. FREQUENCY (WORST CASE) 


0 2 4 6 8 10 
f (MHz) 


Atpp 


mp 4 O = ND 


Atpp vs. OUTPUT CAPACITANCE LOADING 
(TYPICAL) 


Qo ha oi OD 


ari} | i | tt 


0 20 40 60 80 100 120 140 160 180 200 


Output Capacitance Loading (pF) 
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Ordering Information 


AT18V8Z-25DC Commercial 
AT18V8Z-25JC (0°C to 70°C) 
AT18V8Z-25PC 


AT18V8Z-30DI 


AT18V8Z-30JI 
AT18V82Z-30PI 


AT18V8Z-35DC Commercial 
AT18V8Z-35JC (0°C to 70°C) 
AT18V8Z-35PC 


AT18V8Z-40DI 
AT18V8Z-40JI 
AT18V8Z-40PI 


Package Type 


| 20DW3 _—|_ 20 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 20) ——«|- 20 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 20P3. =| 20 Lead, 0.300" Wide Plastic Dual Inline Package OTP (PDIP) 
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Features 


e High Speed Programmable Logic Device 
15 ns Max Propagation Delay 
5 V +10% Operation 

e Low Power CMOS Operation 


| "LY | -15,-20 | al 


¢ CMOS and TTL Compatible inputs and Outputs High Speed 

° nopioaraetiebie + Teated 100% for Programmability UV Erasable 

* 3000 V ESD Protection Programmable 
* Hine Canasta Industrial Temperature Ranges Logic Device 


e Dual-in-Line and Surface Mount Packages 


Logic Diagram 


OE PRODUCT TERMS 
PROGRAMMABLE ES = 
12 INTERCONNECT LOGIC 
INPUT PINS AND wk OPTION OUTPUT seats 
COMBINATORIAL OPTION 
LOGIC ARRAY 8 TO 16 (UP To 10 


FLIP-FLOPS) 


Description 

The AT22V10 and AT22V10L are CMOS high performance EPROM-based Programmable 
Logic Devices (PLDs). Speeds down to 15 ns and power dissipation as low as 12 mA are 
offered. All speed ranges are specified over the full 5 V +10% range. All pins offer a low +10 
pA leakage. 

The AT22V10L provides the optimum low power CMOS PLD solution, with low DC power 
(8 mA typical) and full CMOS output levels. The AT22V10L significantly reduces total sys- 
tem power and enhances system reliability. 

Full CMOS output levels help reduce power in many other system components. 

The AT22V10 and AT22V10L incorporate a variable product term architecture. Each output 
is allocated from eight to 16 product terms, which allows highly complex logic functions to be 
realized. 

Two additional product terms are included to provide synchronous preset and asynchronous 
reset. These terms are common to all 10 registers. All registers are automatically cleared upon 
power up. 

Register preload simplifies testing. A security fuse prevents unauthorized copying of pro- 
grammed fuse patterns. 


Pin Configurations 


FIN | Logictnputs 
[* | No Internal Connection _ 


1 
2 
3 
4 
5 
6 
7 
8 
9 


IN * IO 
IN GND IN I/O 


AIMEL 1-63 


ATMEL 


Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 


Temperature Under Bias -55°C to +125°C mum Ratings” may cause permanent damage to the device. 
° 0 This is a stress rating only and functional operation of the de- 
Storage Temperature “65°C to +150°C vice at these or any other conditions beyond those indicated in 
Voltage on Any Pin with the operational sections of this specification is not implied. 
Respect to Ground Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Voltage on Input Pins Note: 
ae ays 0 Gro und 2.0 V to 414.0 Vv") 1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 

Ung | ogramreng —_ alia V for pulses of less than 20 ns. Maximum output pin voltage 
Programming Voltage with is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 
Respect to Ground -2.0 Vto +14.0 V") Gs Ses INRA NS, 
Integrated UV Erase Dose 7258 W-sec/cm* 

Logic Options 
: Output Output 


From 
—— ote 


Output Options 
D OE > OE 
From From 
Logic fe) Logic ie) 
Option Option 


D.C. and A.C. Operating Conditions 


Commercial AT22V10/L_ _ Industrial AT22V10/L Military AT22V10/L 
“15, -20, -25 15, -20, -25 “15, -20, -25, -30 


Operating Temperature (Case) 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+10% 5V+10% 5V+10% 


Operating Modes 


24-Pin DIP Vec(24) 
Mode 28-Pin JLCC Vcc(28) 
"PLD" 5V 


Program 6V 
PGM Verify 6V 
PGM Inhibit 6V 
Preload 5V 


Notes: 1. X can be Vy, or Vm. 2. Vo = 11.0 V to 14.0 V 
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D.C. Characteristics 


Symbol Parameter Condition 
Iu Input Load Current Vin = -0.1 V to Voc+1 V 
ILO Output Leakage Current Vout = -0.1 V to Vcc+0.1 V 


AT22v10-15,-20 ©O™ 


Vcc = MAX, Ind., Mil. 
Icc Power Supply Current Vin = GND, AT22V10-25,-352) 
Outputs Open Bae. 
Ind., Mil. 


Com. 


AT22V10L(2) 


Clocked Power Supply _f = 1 MHz, Vcc = MAX, AT22V10L 2) 


loc2 | Current Outputs Open Ind., Mil. 


(1) | Output Short Circuit 
Current 


VIL Input Low Voltage : 0.8 V 

VIH Input High Voltage Vec+0.75 V 
lol = 16 mA Com..,Ind. 

VOL Output Low Voltage ssl ae loL = 12 mA Mil. 


Vout = 0.5 V 


rralE 


= | = -1 
Output High Voltage a ViL, OH = -100pA 


Notes: 1. Not more than one output at a time should be shorted. 2. See Icc vs. Frequency curves in the back of this data sheet. 
Duration of short circuit test should not exceed 30 sec. 


A.C. Characteristics, Commercial and Industrial 


tea 
jp ten 
pts | 
PtH 
ie 
ptw 


FMAX | Internal Feedback 1/(ts + tcF) 
No Feedback 1/(tp) 
 taw | Asynchronous Reset Width 


Asynchronous Reset, 
Synchronous Preset, 
Recovery Time 


Asynchronous Reset to 
Registered Output Reset 


A.C. Waveforms” 
merece OX KK) 
REG. FEEDBACK 
SYNCH. PRESE] 

- 


ASYNCH. RESET 


— AW 

tEA 
care ike Kees AS" 
COMBINATORIAL Waa 


OUTPUTS 
Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics, Military 


yeh poramoree | RERLIONE_.ATEBVION-ED_ATRRV O28, ATR O30 
Parameter 
vo [ei | 6] em] | ol 
Non-Registered Output 
| tea _|Inputto OutputEnable | 10,15 | = 20 | 1525 | 2080s 
| ten _|Inputto Output Disable | = 10,15 | (20 | S15 5 | 2080 |_ hs 
| tcf |ClocktoFeedback  =—»s || O81 =8225| 0 4 8| 0 5 10| 0 10 15| ns | 
| tco |ClocktoOutput ss || O)=—O 7 10 0 815 | 0 10 15| 0 12 20| ns 
| tsr_ [Feedback SetupTime =| 10 8 | 12 10 | 15 12 | 18 15 | ns | 
| ts | Input Setup Time 10 8 =] 17 14 8 15 | 20 15 | 
|ty |HodTime = ss | CT CC ts 
| tp |ClockPeriod = 12 CT Ot—“(itid HC Cd Cd, sinss'C 
tw |ClockWidth | COC Sos 
[External Feedback 1/tsttco) | 50.0 || Z| 80.3 | 25.0 | MHZ 
FMAX [Internal Feedback 1/tsr+tor)| == 80.0 | 8.0/4.0 | 90.0 | MHz 
a ee 
————— en 


Asynchronous Reset 
Recovery Time 

tap Asynchronous Reset to 
Registered Output Reset 


Input Test Waveforms and Output Test Loads: 
Measurement Levels Goramercial Military 
3.0V 5.0V 5.0V 
AC 
R1=250 2 R1=#338 Q 
pa c- 1X Meginene ourput ourpur 

R2=167 Q pose R2=2482 CL=50pF 

tR,tF<Sns (10% to 90%) dh 
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Functional Logic Diagram AT22V10/L 


INPUT LINES 


eA (FAR aS ST HS Ca] a 
BE a MT) 
DIP, =o oo oe oe oe ot i a oe a SS A SL ET Oe A OTS Ba CP (23,27) 
MT} tt 
(1,2) Bob pf ppt tp tt 
ss 555= 555255225: (22,26) 
SS SS Sees Ps ee ee ee i ee eee — 
(2,3) =.=... —--- =. —- = -- 
===: —=-=—---—---—---—---—---—---—---===-— = : ass 
(34) S48 PO a ee eee a 
C Co 
Sees os tose eset is Coeee tos etes es feeesfomestt—= tse = ea 
:--=2--=---—---—:--_—---__--_---_---_-.-_-- our. 
Se eee eee ete 16.) = > — (20,24) 
=--—---—---—---—---—---—---—---—---—---—---— = \ 
oe LLL Tt i 
0 SS ee =A 
::-=:-°_—---_—---—_-_-__-_-_-___---_---==---—---—— 
ss2=525=522=225 2-522 -=---—---_---_---_--- our 
+2222 =---—---=-- == --== == = ---_ (19,28) 
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Preload of Registered Outputs 


The registers in the AT22V10 and AT22V10L are provided 
with circuitry to allow loading of each register asynchronously 
with either a high or a low. This feature will simplify testing 
since any state can be forced into the registers to control test 
sequencing. A Vy level on the I/O pin will force the register 
high; a Vir will force it low, independent of the polarity bit (CO) 
setting. The preload state is entered by placing an 11-V to 14-V 
signal on pin 8 on DIPs, and pin 10 on SMPs. When the clock 
pin is pulsed high, the data on the I/O pins is placed into the ten 
registers. 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/O0’S 


Power Up Reset 


The registers in the AT22V10 and AT22V10L are designed to 
reset during power up. At a point delayed slightly from Vcc 
crossing 3.8 V, all registers will be reset to the low state. The 
Output state will depend on the polarity of the output buffer. 
This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) ”” 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Typ Max 


5 8 pF Vin = OV 
6 8 pF Vout = 0 V 


Level forced on 
registered output pin 
during preload cycle 


Register state 
after cycle 


tpMIN = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


3.8 V 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
tw 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 


Conditions 


PRELOAD 
DISABLED 


Units 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Erasure Characteristics 


The entire fuse array of an AT22V10 or AT22V10L is erased 
after exposure to ultraviolet light at a wavelength of 2537 A. 
Complete erasure is assured after a minimum of 20 minutes ex- 
posure using 12,000 uW/em? intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other in- 


tensity ratings can be calculated from the minimum integrated 
erasure dose of 15 W-sec/cm”. To prevent unintentional era- 
sure, an opaque label is recommended to cover the clear window 
on any UV erasable PLD which will be subjected to continuous 
fluorescent indoor lighting or sunlight. 
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LCR NORTE 


SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
AT22V10 (TA = 25C, VCC = 5V) AT22V10L (TA = 25C, VCC = 5V) 
60 60 
| | 
Cc 40 Cc 40 
Cc Cc 
m 20 m 20 
A A 
0 0 
0 10 20 30 40 50 0 10 20 30 40 50 
Frequency (MHz) Frequency (MHz) 
NORMALIZED SUPPLY CURRENT NORMALIZED ICC vs. AMBIENT TEMP. 
vs. SUPPLY VOLTAGE ‘a saialetalin 
Nn 14 : 
; _ 12 
m 1.2 & 
a 1 
as : 1.0 
° d 
08 0.8 
1 Cc 
c c 
c 06 0.6 
4.0 45 5.0 5.5 6.0 -55 -25 5 35 65 95 125 
Supply Voltage (V) Ambient Temperature (C) 
OUTPUT SINK CURRENT OUTPUT SINK CURRENT 
vs. SUPPLY VOLTAGE (VOL = 0.5V) vs. OUTPUT VOLTAGE (TA = 25C, VCC = 5V) 
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8 8 BFS 8 8B FE 

-3@-+=c£0 -cuer-cod 
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vs. SUPPLY VOLTAGE (VOH = 2.4V) vs. OUTPUT VOLTAGE (TA = 25C, VCC = 5V) 
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¥ 40 
» Pp 
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20 1 
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T T 
P Pp 
D D 07 
-55 -25 5 35 65 95 125 
Supply Voltage (V) Ambient Temperature (C) 
NORMALIZED TCO NORMALIZED TCO 
vs. SUPPLY VOLTAGE vs. TEMPERATURE 
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AT22V10/L 


Ordering Information 


ts tco 


AT22V10-15DC 
AT22V10-15GC 
AT22V10-15JC 
AT22V10-15KC 
AT22V10-15LC 
AT22V10-15NC 
AT22V10-15PC 
AT22V10-15SC 
AT22V10-15DI 
AT22V10-15GI 
AT22V10-15Jl 
AT22V10-15KI 
AT22V10-15LI 
AT22V10-15NI 
AT22V10-15PI 
AT22V10-15SI 
AT22V10-15DM 
AT22V10-15GM 
AT22V10-15KM 
AT22V10-15LM 
AT22V10-15NM 
AT22V10-15DM/883 
AT22V10-15GM/883 
AT22V10-15KM/883 
AT22V10-15LM/883 
AT22V10-15NM/883 


AT22V10-20DC Commercial 
AT22V10-20GC (0°C to 70°C) 
AT22V10-20JC 
AT22V10-20KC 
AT22V10-20LC 
AT22V10-20NC 
AT22V10-20PC 
AT22V10-20SC 


AT22V10-20DI 
AT22V10-20GI 
AT22V10-20ul 

AT22V10-20KI 
AT22V10-20LI 

AT22V10-20NI 
AT22V10-20PI 
AT22V10-20SI 


AT22V10-20DM 
AT22V10-20GM 
AT22V10-20KM 
AT22V10-20LM 
AT22V10-20NM 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 
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Ordering Information 


AT22V10-20DM/883 Military/883C 
AT22V10-20GM/883 (-55°C to 125°C) 
AT22V10-20KM/883 Class B, Fully Compliant 
AT22V10-20LM/883 


AT22V10-20NM/883 


AT22V10-25DC Commercial 
AT22V10-25GC (0°C to 70°C) 
AT22V10-25JC 
AT22V10-25KC 
AT22V10-25LC 
AT22V10-25NC 
AT22V10-25PC 
AT22V10-25SC 


AT22V10-25DI Industrial 
AT22V10-25GI (-40°C to 85°C) 
AT22V10-25Jl 


AT22V10-25KI 
AT22V10-25LI 
AT22V10-25NI 
AT22V10-25PI 
AT22V10-25SI 


AT22V10-25DM 
AT22V10-25GM 
AT22V10-25KM 
AT22V10-25LM 
AT22V10-25NM 


Military 
(-55°C to 125°C) 


AT22V10-25DM/883 Military/883C 
AT22V10-25GM/883 (-55°C to 125°C) 
AT22V10-25KM/883 Class B, Fully Compliant 
AT22V10-25LM/883 


AT22V10-25NM/883 


AT22V10-30DM 
AT22V10-30GM 
AT22V10-30KM 
AT22V10-30LM 
AT22V10-30NM 


AT22V10-30DM/883 


Military 
(-55°C to 125°C) 


Military/883C 


AT22V10-30GM/883 (-55°C to 125°C) 
AT22V10-30KM/883 Class B, Fully Compliant 
AT22V10-30LM/883 


AT22V10-30NM/883 


17 5962-87539 04 LX 
5962-87539 04 3X 
5962-87539 01 LX 
5962-87539 01 3X 
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Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


AT22V10/L 


Ordering Information 


t t 


5962-87539 02 LX 24DW3 Military/883C 
5962-87539 02 3X (-55°C to 125°C) 
Class B, Fully Compliant 


5962-88670 05 LX Military/883C 
5962-88670 05 3X (-55°C to 125°C) 
Class B, Fully Compliant 


17 15 5962-88670 04 LX 24D3 Military/883C 
5962-88670 04 3X 28L (-55°C to 125°C) 
Class B, Fully Compliant 
5962-88670 01 LX 24D3 Military/883C 
5962-88670 01 3X 28L (-55°C to 125°C) 
5962-88670 02 LX 24D3 Military/883C 
5962-88670 02 3X 28L (-55°C to 125°C) 
Class B, Fully Compliant 


Class B, Fully Compliant 
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Ordering Information 


AT22V10L-20DC 
AT22V10L-20GC 
AT22V10L-20JC 
AT22V10L-20KC 
AT22V10L-20LC 
AT22V10L-20NC 
AT22V10L-20PC 
AT22V10L-20SC 


AT22V10L-20DI 
AT22V10L-20GI 
AT22V10L-20JI 

AT22V10L-20KI 
AT22V10L-20LI 

AT22V10L-20NI 
AT22V10L-20PI 
AT22V10L-20SI 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT22V10L-20DM Military 
AT22V10L-20GM (-55°C to 125°C) 
AT22V10L-20KM 

AT22V10L-20LM 

AT22V10L-20NM 


AT22V10L-20DM/883 Military/883C 


AT22V10L-20GM/883 (-55°C to 125°C) 
AT22V10L-20KM/883 Class B, Fully Compliant 
AT22V10L-20LM/883 


AT22V10L-20NM/883 


AT22V10L-25DC 
AT22V10L-25GC 
AT22V10L-25JC 
AT22V10L-25KC 
AT22V10L-25LC 
AT22V10L-25NC 
AT22V10L-25PC 
AT22V10L-25SC 


AT22V10L-25DI 
AT22V10L-25GI 
AT22V10L-25JI 
AT22V10L-25KI 
AT22V10L-25LI 
AT22V10L-25NI 
AT22V10L-25PI 
AT22V10L-25S! 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


AT22V10L-25DM Military 
AT22V10L-25GM (-55°C to 125°C) 
AT22V10L-25KM 

AT22V10L-25LM 


AT22V10L-25NM 
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AT22V10/L 


Ordering Information 


ts tco 


AT22V10L-25DM/883 Military/883C 
AT22V10L-25GM/883 (-55°C to 125°C) 
AT22V10L-25KM/883 Class B, Fully Compliant 
AT22V10L-25LM/883 


AT22V10L-25NM/883 


AT22V10L-30DM 
AT22V10L-30GM 
AT22V10L-30KM 
AT22V10L-30LM 
AT22V10L-30NM 


AT22V10L-30DM/883 Military/883C 
AT22V10L-30GM/883 (-55°C to 125°C) 

AT22V10L-30KM/883 Class B, Fully Compliant 
AT22V10L-30LM/883 
AT22V10L-30NM/883 


17 5962-88724 04 LX 24DW3 Military/883C 
5962-88724 04 3X 28L (-55°C to 125°C) 
Class B, Fully Compliant 
15 5962-88724 01 LX 24DW3 Military/883C 
5962-88724 01 3X 28LW (-55°C to 125°C) 
Class B, Fully Compliant 
5962-88724 02 LX 24DW3 Military/883C 
5962-88724 02 3X 28LW (-55°C to 125°C) 
Class B, Fully Compliant 
17 


5962-89755 04 LX 24D3 Military/883C 
5962-89755 04 3X 28L (-55°C to 125°C) 


Class B, Fully Compliant 


5962-89755 01 LX 24D3 Military/883C 
5962-89755 01 3X 28L (-55°C to 125°C) 
Class B, Fully Compliant 
5962-89755 02 LX 24D3 Military/883C 
5962-89755 02 3X 28L (-55°C to 125°C) 
Class B, Fully Compliant 


Package Type 
24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
| 2403 —s|_ 24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 
| 28) | 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 28KW | 28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28 Pad, Windowed, Ceramic Leadiess Chip Carrier (LCC) 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


| 24P3 =|: 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


Military 
(-55°C to 125°C) 


24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
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Features 


e High Performance Programmable Logic Device 
7.5 nS Max Propagation Delay 
Up to 166 MHz Operation 
5 V + 10% Operation 
e Fully Compatible with Standard 22V10 
Identical Functionality/Fuse-Map 
e TTL Compatible inputs and Outputs 
10 pA Leakage Maximum 
e Reprogrammable - Tested 100% for Programmability 
e High Reliability 
Proven UV Erasable CMOS Technology 
2000 V ESD Protection 
200 mA Latch-Up Protection 
e Full Military, Commercial and Industrial Temperature Ranges 
e Dual-in-Line and Surface Mount Packages with Standard Pinouts 


Logic Diagram 


OE PRODUCT TERMS 
PROGRAMMABLE Lg | 7 NS 
12 INTERCONNECT LOGIC 
INPUT PINS AND ey) OPTION L,JOUTPUT VO PINS 
COMBINATORIAL OPTION 
LOGIC ARRAY 8 10 16 (UP To 10 
4 FLIP-FLOPS) 


Description 

The AT22V10B is an ultra-high performance CMOS Programmable Logic Device (PLD). 
Speeds down to 7.5 ns and operation up to 166 MHz are offered. All pins offer alow+ 10 pA 
leakage. 

The AT22V10B logic functionality is fully compatible with the standard 22V 10. The 12 ded- 
icated inputs and ten configurable I/O pins allow implementation of logic requiring up to 22 
input signals. The AT22V10B also provides individual output enable product terms for each 


of the ten I/Os. 
Continued on next page. 


Pin Configurations 


IN| Logic inputs 
[+ | No internal Connection | 


1 
2 
3 
4 
§ 
6 
ae 
8 


IN * I 
IN GND IN 1/0 


ATMEL 


High Speed 
UV Erasable 
Programmable 
Logic Device 
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Description (Continued) 


The AT22V 10B incorporates a variable product term architec- 
ture. Each output is allocated from eight to 16 product terms, 
which allows highly complex logic functions to be realized. 


The AT22V10B includes two additional product terms to pro- 
vide synchronous preset and asynchronous reset. These terms 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


Voltage on Input Pins 
with Respect to Ground 


During Programming -2.0 V to +14.0 Vi") 


Programming Voltage with 
Respect to Ground 


-2.0V to +14.0 Vi") 
7258 W.sec/cm* 


Integrated UV Erase Dose 


Logic Options 


: To 
és Output 


From 
—— onto 
Output Options 
OE 


From 
Logic vO 
Option 


are common to all ten registers. All registers are automatically 
cleared upon power up. 

Register preload simplifies testing. A security fuse prevents un- 
authorized copying of programmed fuse patterns. 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Voc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Option 
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D.C. and A.C. Operating Conditions 


Commercial Commercial Industrial Military 
AT22V10B AT22V10B AT22V10B AT22V10B 
-7 -10, -12 -10, -12 -10, -12 


Operating Temperature (Case) 0°C - 70°C 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+5% 5V+10% 5V+10% 5V+10% 


Operating Modes 


24-Pin DIP VO’s Voc(24) 
28- Pin JLCC /O’s Voc(28) 


"PLD" 


Program 
PGM Verify 
PGM Inhibit 
Preload 
Notes: 1. X can be Viz or Vin. 2. Vo = 11.0 V to 14.0 V 


D.C. Characteristics 
Output Leakage Current VouT = -0.1 V to Vcc+0.1 V 
Output Short Circuit Current Vout = 0.5 V -1 = mA 
. in . lo. = 16mA Com.,|Ind. 
VoL Output Low Voltage .. : aii Ly lol = 12 MA Mil. 
lol = 24 mA Com. 0.8 


Symbol Parameter Condition 
f = 0 MHz to Fuax, Vcc = MAX, 
Input Low Voltage .. 6 0.8 . 
Output High Voltage VN HOF Vly lon = ~4.0 mA 2.4 v 


iu | Input Load Current Vin = -0.1 V to Voc+1 V 10 pA 

Power Supply Current Vin = GND, Outputs Open ind., Mil an 
Input High Voltage 2.0 a 75 

Notes: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. 


A.C. Waveforms” 


INPUTS,VO 


SYNCH. PRESE] 
ASYNCH. RESET a —" 


co |_XXKer_Xer XO Ce 
tEA F 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 
A.C. Characteristics 


_ 
[Symbot [Parameter *d in ToeMas| Mn Tp Max | Mn Tyo Mar | Unt 
[tho Input or Fesdbackio Non-Regitered Oupat| 5 75| 6 10| 712] ns _ 
Inputio Ouputeneble =| 75| 6 0 | 7 12 | 1s 

5 F 


tor) | Clock to Feedback poo 2/0 1 2 | 


(1) 
tco 
(1 


=] 
Ke) 
c 
-_ 
So 
O 
c 
Comal 
£ 
o 
” 
99 
So 
® 
Ni 
wn 
N 
Ss 
rm 


0 35 5.5 | 
[35.2 | 
Pe: a Pe. 2 
Clock Period 
wil) |ClockWidthLlow 
Clock WidthHigh 
p11 

166 

166 

LB 


External Feedback 1/(ts+tco) 
FMAX | Internal Feedback 1/(ts + tcF) 
No Feedback 1/(tp) 


Asynchronous Reset Width 

Asynchronous Reset, Synchronous Preset, 7 a 
Recovery Time 

Asynchronous Reset to Registered Output 6 10 
Reset 


Note: 1. This parameter is only sampled and is not 100% tested. 


Input Test Waveforms and Output Test Loads: 
Measurement Levels Commercial Military 
3.0V 5.0V 5.0V 
re a R1=250 Q 
DRIVING 1.5V MEASUREMENT ” OUTPUT R1=338 Q OUTPUT 
LEVELS LEVEL PIN PIN 
0.0V 1) 
R2=167 2 CL=50pf R2=2482 CL=50pF 
IR, (F<2ns (10% to 90%) L a 


Note: 1.CL=30 pF for AT22V10B-7 
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Functional Logic Diagram AT22V10B 
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Preload of Registered Outputs 


The registers in the AT22V10B are provided with circuitry to 
allow loading of each register asynchronously with either a high 
or alow. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A VIu level 
on the I/O pin will force the register high; a Vir will force it low, 
independent of the polarity bit (CO) setting. The preload state is 
entered by placing an 11-V to 14-V signal on pin 8 on DIPs, and 
pin 10 on SMPs. When the clock pin is pulsed high, the data on 
the I/O pins is placed into the ten registers. 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/0'S 


OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Power Up Reset 


The registers in the AT22V10B are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Level forced on 
registered output pin 
during preload cycle 


Register state 
after cycle 


tpmMin = 100 ns 


OUTPUT 
VOLTAGE 


PRELOAD 


REMOVED DISABLED 
3.8 V 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
tw 
CLOCK 


Parameter Description Min Typ Max Units 


1000 ns 


Power-Up 


Note: 


Erasure Characteristics 


The entire fuse array of an AT22V10B is erased after exposure 
to ultraviolet light at a wavelength of 2537 A. Complete erasure 
is assured after a minimum of 20 minutes exposure using 12,000 
uW/cm? intensity lamps spaced one inch away from the chip. 
Minimum erase time for lamps at other intensity ratings can be 


Typ Max 


5 8 pF Vin= 0 V 
é 8 pF Vout = 0 V 


Units Conditions 


1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


calculated from the minimum integrated erasure dose of 15 
W-sec/cm?. To prevent unintentional erasure, an opaque label is 
recommended to cover the clear window on any UV erasable 
PLD which will be subjected to continuous fluorescent indoor 
lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY NORMALIZED ICC vs. AMBIENT TEMP. 
AT22V10B (TA = 25C, VCC = 5V) i f = 50 MHz 
yt 
= r 
m 1.2 
-_ 
C (mA) : 1.0 
60 @ 
d 
” 0.8 
1 
c 
0 C os 
0 20 40 60 80 100 -55 -25 5 35 65 95 125 
Frequency (MHz) Ambient Temperature (C) 
NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 
vs. SUPPLY VOLTAGE Si OUTPUT VOLTAGE (TA = 25C, VCC = 5V) 
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NORMALIZED TPD 
vs. SUPPLY VOLTAGE 


NORMALIZED TCO 
vs. SUPPLY VOLTAGE 


NORMALIZED TS 
vs. SUPPLY VOLTAGE 


4.0 45 5.0 5.5 6.0 
Supply Voltage (V) 


DELTA TPD vs. OUTPUT LOADING 


(VCC = 4.5V, OUTPUT LOAD = COMMERCIAL) 
12 


0 100 200 300 400 
Output Load (jig included) Capacitance pF 
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NORMALIZED TPD 
vs. TEMPERATURE 


-55 -25 5 35 65 95 125 
Ambient Temperature (C) 


NORMALIZED TCO 
vs. TEMPERATURE 


1.5 


-55 -25 5 35 65 95 125 
Ambient Temperature (C) 


NORMALIZED TS 
vs. TEMPERATURE 


Ambient Temperature (C) 


DELTA TCO vs. OUTPUT LOADING 


(VCC = 4.5V, OUTPUT LOAD = COMMERCIAL ) 
12 


9 
6 
3 
0 
-3 


0 100 200 300 400 
Output Load (jig included) Capacitance pF 
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Ordering Information 


AT22V10B-7DC 
AT22V10B-7JC 
AT22V10B-7KC 
AT22V10B-7PC 


AT22V10B-10DC 
AT22V10B-10GC 
AT22V10B-10JC 
AT22V10B-10KC 
AT22V10B-10LC 
AT22V10B-10NC 
AT22V10B-10PC 
AT22V10B-10SC 


AT22V10B-10DI 
AT22V10B-10GI 
AT22V10B-10Jl 
AT22V10B-10KI 
AT22V10B-10LI 
AT22V10B-10NI 
AT22V10B-10PI 
AT22V10B-10SI 


AT22V10B-10DM 
AT22V10B-10GM 
AT22V10B-10KM 
AT22V10B-10LM 
AT22V10B-10NM 


AT22V10B-10DM/883 
AT22V10B-10GM/883 
AT22V10B-10KM/883 
AT22V10B-10LM/883 
AT22V10B-10NM/883 


AT22V10B-12DC 
AT22V10B-12GC 
AT22V10B-12JC 
AT22V10B-12KC 
AT22V10B-12LC 
AT22V10B-12NC 
AT22V10B-12PC 
AT22V10B-12SC 


AT22V10B-12DI 
AT22V10B-12GI 
AT22V10B-12Jl 
AT22V10B-12KI 
AT22V10B-12LI 
AT22V10B-12NI 
AT22V10B-12PI 
AT22V10B-12S! 


AT22V10B 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


ATMEL 


Ordering Information 


t t | 
12 6 72 AT22V10B-12DM Military 


AT22V10B-12GM (-55°C to 125°C) 
AT22V10B-12KM 
AT22V10B-12LM 
AT22V10B-12NM 


AT22V10B-12DM/883 
AT22V10B-12GM/883 
AT22V10B-12KM/883 
AT22V10B-12LM/883 
AT22V10B-12NM/883 


Fy 5962-87539 06 LX 24DW3 
5962-87539 06 3X 28L 
5962-87539 06 XX 28KW 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Package Type 
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Features 


e Low Voltage Programmable Logic Device 
Wide Power Supply Range - 3.0 V to 5.5 V 
ideal for Battery Powered Systems 
e High Speed Operation 
20 ns max Propagation Delay at Vcc = 3.0 V 
e Full Military, Commercial and Industrial Temperature Ranges 
e Familiar 22V10 Logic Architecture 
e Low Power 3-Volt CMOS Operation 


AT22LV10L AT22LV10 


Temp Com./Mil. Com./Mil. 


Icc (mA) 4/5 35 / 45 Vcc =3.6 V 
e CMOS and TTL Compatible Inputs and Outputs 
10 pA Leakage Maximum 


e Reprogrammabke - Tested 100% for Programmability 
e High Reliability CMOS Technology 

2000 V ESD Protection 

200 mA Latchup Immunity 
Dual-in-Line and Surface Mount Packages 


Logic Diagram 
OE PRODUCT TERMS 


PROGRAMMABLE eed sone | 
INTERCONNECT LOGIC 
AND ar OPTION OUTPUT 
COMBINATORIAL OPTION 
LOGIC ARRAY | Oe oeT (UP To 10 
TERMS FLIP-FLOPS) 
i> 


Description 


The AT22LV 10 and AT22LV10L are low voltage compatible CMOS high performance Pro- 
grammable Logic Devices (PLDs). Speeds down to 20 ns and power dissipation as low as 14.4 
mW are offered. All speed ranges are specified over the 3.0 V to 5.5 V range. All pins offer a 


low +10 pA leakage. 

The AT22LV10L provides the optimum low power CMOS PLD solution, with low DC power 
(1 mA typical at Vcc = 3.3 V) and full CMOS output levels. The AT22LV10L significantly 
reduces total system power, allowing battery powered operation. 

Full CMOS output levels help reduce power in many other system components. 


The AT22LV10 and AT22LV10L logic architectures are identical to the familiar 22V10. Each 
output is allocated from eight to 16 product terms, which allows highly complex logic func- 
tions to be realized. 


Two additional product terms are included to provide synchronous preset and asynchronous 
reset. These terms are common to all ten registers. All registers are automatically cleared upon 
power up. 

Register preload simplifies testing. A security fuse prevents unauthorized copying of pro- 
grammed fuse patterns. 


Pin Configurations 


FIN [Logicinputs 
(‘| NoInteral Connection _| 


12 


INPUT PINS 19 


/O PINS 


1 
2 
3 
4 
5 
€ 
rd 
8 
9 


IN * IO 
IN GND IN lO 


AlmeL 


Low Voltage 
UV Erasable 
Programmable 
Logic Device 
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Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Temperature Under Bias -55°C to +125°C 
Storage Temperature -65°C to +150°C 


Voltage on Any Pin with 
Respect to Ground 


Voltage on Input Pins 


; Note: 
lesen © Gro und 2.0V to +14.0 y(t) 1. Minimum voltage is -0.6 V dc which may undershoot to 
a eee "Ea BD Par -2.0 V for pulses of less than 20 ns. Maximum pin voltage is 
Programming Voltage with Vcc+0.75 V de which may overshoot to Vcc +2.0 V for 
Respect to Ground -2.0 V to +14.0 V") pulses ot tess Hine 20. 
Integrated UV Erase Dose 7258 W.sec/cm* 
Logic Options 
o To 
° Output 
From 
— 5 ee 
Output Options 
| ) OE D OE 
From From 
Logic V/O Logic @) 
Option Option 


D.C. and A.C. Operating Conditions 


Commercial AT22LV10/L Industrial AT22LV10/L Military AT22LV10/L 
-20, -25, -30 -20, -25, -30 -25, -30, -35 


Operating Temperature (Case) 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 3.0Vto5.5V 3.0Vto5.5V 3.0V to 5.5 V 


Operating Modes 


24-Pin DIP 
28-Pin JLCC 
"PLD" 
Program V 


Vcc (24) 
Vcc (28) 
3.0Vto5.5V 


we VPP DIN 6V 
PGM Verify Vpp VIL DoutT 6V 


PGM Inhibit Vpp 
Preload X 


Notes: 1. X can be Vy, or Vo. 


XIVH X 
X/VH X 


VIH High Z 6V 
DIN 3.0Vto5.5V 


2. Vy = 11.0 V to 14.0 V 


1-88 By 22 00) aeanecmeeeemm manasa sa ne eee capaneanmnaa 


AT22LV10/L 


D.C. Characteristics 
Symbol Parameter Condition Min Typ Max Units 


Iu Input Load Current Vin =-0.1 V to Voc+1 V 10 pA 


Output Leakage = Vout = -0.1 Vito Voo+0.1 V 10 


Current 
Com. 20/50 35/90 
: AT22LV10 
Power Supply con Ind., Mil. 20/50 45/100 


Current Outputs Open 2) Com. 2 4/12 
Ind., Mil. 1/2 5/15 


AT22LV10L! 


f = 1 MHz, 
Supply Current Vec=3.6V/5.5V, AT22LV10L® 
Outputs Open 


(1) | Output Short Circuit _ 
Currant VouT = 0.5 V 


Input Low Voltage 4.5V<Vcc<5.5V -0.6 0.8 V 
Lo Input Low Voltage 3.0V<Vcc<45V -0.6 0.6 V 


ViH Input High Voltage 2.0 Vec+0.75 V 
Carinict Lowe Volk Voc =3.0V Com.,Ind./Mil. lo. =8 mA/6mA 0.5 V 

put Low Voltage ; 

VoL | WweVnorvi  Veo=45V Com.,Ind./Mil. lo. = 16 MA/12 mA 05: ¥ 
Voc =3.0V Com.,Ind./Mil. lo.=6mA/4mA 0.35 V 

Vin=ViHorVit, !OH=-100 pA V 
Veco =3.0V/4.5V_ ion =-0.4 mA/-4.0 mA Vv 


Notes: 1. Not more than one output at a time should be shorted. 2. See Icc vs. Frequency curves in the back of this data sheet. 
Duration of short circuit test should not exceed 30 sec. 


A.C. Characteristics for the AT22LV10 
vammoer | eezetano_/_Atzauvio2s__{_ ATH i030 —_ 
Parameter 


| Min Typ Max | yp Max 
Input or Feedback to 
Non-Registered Output 
0 
7 


Output High Voltage 


Min__Typ__Max 
inputtoOutputEnable | 2015 B28 
ee ee ee ee 
ClocktoFeedback ss | 0 | 
ClocktoOutput | BAT tt 
| ts _|InputorFeedback SetupTime | 10 6 | 12) 7 | 15 
| ty |HodTime | 
jtp__|ClockPeod | to | tt 
ftw |Clckwith |B 

External Feedback Wtsttco) | 46 | 845 | 28S 

FMAX [Internal Feedback Wts+tcr) | Ss 26] | 40.0 

p 100.0 | 


No Feedback 1/(tp) 83.3 | 
Asynchronous ResetWidth | 20. 12) =| 25 15 | 


Asynchronous Reset, 
Synchronous Preset, 


Recovery Time 
18 28 


tap Asynchronous Reset to 
Registered Output Reset 
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A.C. Waveforms” 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. PRESE) 


CP 
ASYNCH. RESET ae 


a Bicw ean Cees 
[ f 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics for the AT22LV10L 
Parameter 


aaa a Ae 
Output 


| tea _|inputtoOutputEnable | 155 | 2080] 585 |_| 
| ter |InputtoOutputDisable | 15 25 | 2080 | 58H | 
| tor _|ClocktoFeedback | S| O71 | 
| tco |ClocktoOupt | tt | 1215 | 
| tse _|FeedbackSetupTime | 127 | 15 10 | 812s 
[ts |imputSetupTime | 175 | | 15 ns 
pty |HodTime | its 
| te |CockPerod tt tts 
[tw- |Cokwith | Te | oe 
oe 
FMAX 


Internal Feedback 1/(tsF + tor) es ee es 


No Feedback 1/(tp) Ne Foeoweck te) —_-—_|__-_a3|_—_Ti4|___-@25 we 
/ taw | Asynchronous Reset Width 


tan | Asynchronous Reset Recovery Time eo 


tap Asynchronous Reset to Registered 
Output Reset 


Input Test Waveforms and Output Test Loads: 
Measurement Levels Sarciasial Military 
3.0V 5.0V 
a R1=250 Q R1i=#338 Q 
SER MEASUREMENT = 
igh OUTPUT 
LEVELS is LEVEL PIN 
R2=167 Q ols R2=248 Q tor 


tR,tF<Sns (10% to 90%) 
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AT22LV10/L 


Functional Logic Diagram AT22LV10/L 
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Preload of Registered Outputs 


The registers in the AT22LV10 and AT22LV10L are provided 
with circuitry to allow loading of each register asynchronously 
with either a high or a low. This feature will simplify testing 
since any state can be forced into the registers to control test 
sequencing. A Vy level on the I/O pin will force the register 
high; a Vi will force it low, independent of the polarity bit (CO) 
setting. The preload state is entered by placing an 11-V to 14-V 
signal on pin 8 on DIPs, and pin 10 on SMPs. When the clock 
pin is pulsed high, the data on the I/O pins is placed into the ten 
registers. 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/0’S 


OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Power Up Reset 


The registers in the AT22LV10 and AT22LV10L are designed 
to reset during power up. At a point delayed slightly from Vcc 
crossing 2.5 V, all registers will be reset to the low state. The 
output state will depend on the polarity of the output buffer. 
This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock pin high, and 


3) The clock must remain stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) 


Level forced on 
registered output pin 
during preload cycle 


Register state 
after cycle 


tpmMin = 100 ns 


OUTPUT 


VOLTAGE PRELOAD 
REMOVED DISABLED 
2.5 V 
REGISTERED 
OUTPUTS 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 
a Reset Time i eee 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Erasure Characteristics 


The entire fuse array of an AT22LV10 or AT22LV10L is erased 
after exposure to ultraviolet light at a wavelength of 2537 A. 
Complete erasure is assured after a minimum of 20 minutes ex- 
posure using 12,000 uW/cm? intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other in- 


tensity ratings can be calculated from the minimum integrated 
erasure dose of 15 W-sec/cm”. To prevent unintentional erasure, 
an opaque label is recommended to cover the clear window on 
any UV erasable PLD which will be subjected to continuous 
fluorescent indoor lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
AT22LV10 (TA = 25C) AT22LV10L (TA = 25C) 


c # Cc 
TT Pek] 
m ol | m 
FEL ) 
fr) 
Basics sant) Frequency (MHz) 
NORMALIZED SUPPLY CURRENT NORMALIZED ICC vs. AMBIENT TEMP. 
vs. SUPPLY VOLTAGE ig f = 30 MHz 
N 1.2 N . 
~ i 
a 09 a 
1 ! 
i : 1.0 
5 06 d 
0.8 
i 
1 c 
c c 
Cc 03 0.6 
3.0 3.5 4.0 45 5.0 5.5 -55 -25 5 35 65 96 125 
Supply Voltage (V) Ambient Temperature (C) 
OUTPUT SINK CURRENT OUTPUT SINK CURRENT 
vs. SUPPLY VOLTAGE (TA = 25C) 7 vs. OUTPUT VOLTAGE (TA = 25C) 
° fe) 
: ET ele 
S Pp a 
: ed a 


Ame ee 


ee et - o 
ese@e-7£0 


Supply Voltage (V) Output Voltage (V) 
OUTPUT SOURCE CURRENT OUTPUT SOURCE CURRENT 
vs. SUPPLY VOLTAGE (VOH = 2.4V TA = 25C) ; vs. OUTPUT VOLTAGE (TA = 25C) 
fe) ° 
' ' 
p B 
t t 
Cc Cc 
u (mA) u 
20 
4 , 
3 


Supply Voltage (V) | Output Voltage (V) 
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NORMALIZED TPD 
vs. SUPPLY VOLTAGE 


40 45 
Supply Voltage (V) 


NORMALIZED TCO 
vs. SUPPLY VOLTAGE 


5.0 


3.5 4.0 


Supply Voltage (V) 


NORMALIZED TS 
vs. SUPPLY VOLTAGE 


> 
a) 


5.0 


3.5 40 45 


Supply Voltage (V) 


DELTA TPD vs. OUTPUT LOADING 
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Ordering Information 


t 


AT22LV10-20DC Commercial ne 
AT22LV10-20GC (0°C to 70°C) 

AT22LV10-20JC 

AT22LV10-20KC 

AT22LV10-20LC 

AT22LV10-20NC 

AT22LV10-20PC 

AT22LV10-20SC 


AT22LV10-20DI : Industrial 
AT22LV10-20GI (-40°C to 85°C) 
AT22LV10-20JI 

AT22LV10-20KI 

AT22LV10-20LI 

AT22LV10-20NI 

AT22LV10-20PI 

AT22LV10-20SI 


AT22LV10-25DC Commercial 
AT22LV10-25GC (0°C to 70°C) 
AT22LV10-25JC 
AT22LV10-25KC 
AT22LV10-25LC 
AT22LV10-25NC 
AT22LV10-25PC 
AT22LV10-25SC 


AT22LV10-25DI Industrial 


AT22LV10-25GI (-40°C to 85°C) 
AT22LV10-25JI 
AT22LV10-25KI 
AT22LV10-25LI 
AT22LV10-25NI 
AT22LV10-25Pl 
AT22LV10-25S! 


AT22LV10-25DM Military 
AT22LV10-25GM (-55°C to 125°C) 
AT22LV10-25KM 

AT22LV10-25LM 

AT22LV10-25NM 


AT22LV10-25DM/883 Military/883D 
AT22LV10-25GM/883 (-55°C to 125°C) 
AT22LV10-25KM/883 Class B, Fully Compliant 
AT22LV10-25LM/883 

AT22LV10-25NM/883 


AT22LV10-30DC Commercial 
AT22LV10-30GC (0°C to 70°C) 
AT22LV10-30JC 
AT22LV10-30KC 
AT22LV10-30LC 
AT22LV10-30NC 
AT22LV10-30PC 
AT22LV10-30SC 
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Ordering Information 


AT22LV10-30DI Industrial 
AT22LV10-30GI (-40°C to 85°C) 
AT22LV10-30ul 

AT22LV10-30KI 

AT22LV10-30L! 

AT22LV10-30NI 

AT22LV10-30PI 

AT22LV10-30S! 

AT22LV10-30DM Military 
AT22LV10-30GM (-55°C to 125°C) 
AT22LV10-30KM 

AT22LV10-30LM 

AT22LV10-30NM 

AT22LV10-30DM/883 Military/883D 
AT22LV10-30GM/883 (-55°C to 125°C) 
AT22LV10-30KM/883 Class B, Fully Compliant 
AT22LV10-30LM/883 

AT22LV10-30NM/883 
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AT22LV10/L 


Ordering Information 


AT22LV10L-25DC Commercial 
AT22LV10L-25GC (0°C to 70°C) 

AT22LV10L-25JC 

AT22LV10L-25KC 

AT22LV10L-25LC 

AT22LV10L-25NC 

AT22LV10L-25PC 

AT22LV10L-25SC 


AT22LV10L-25Di Industrial 
AT22LV10L-25GI (-40°C to 85°C) 
AT22LV10L-25JI 

AT22LV10L-25KI 

AT22LV10L-25LI 

AT22LV10L-25NI 

AT22LV10L-25PI 

AT22LV10L-25S| 


AT22LV10L-30DC Commercial 
AT22LV10L-30GC (0°C to 70°C) 
AT22LV10L-30JC 
AT22LV10L-30KC 
AT22LV10L-30LC 
AT22LV10L-30NC 
AT22LV10L-30PC 
AT22LV10L-30SC 


AT22LV10L-30DI Industrial 


AT22LV10L-30GI (-40°C to 85°C) 
AT22LV10L-30JI 
AT22LV10L-30KI 
AT22LV10L-30LI 
AT22LV10L-30NI 
AT22LV10L-30PI 
AT22LV10L-30SI 


AT22LV10L-30DM Military 
AT22LV10L-30GM (-55°C to 125°C) 
AT22LV10L-30KM 

AT22LV10L-30LM 

AT22LV10L-30NM 


AT22LV10L-30DM/883 Military/883D 
AT22LV10L-30GM/883 (-55°C to 125°C) 
AT22LV10L-30KM/883 Class B, Fully Compliant 
AT22LV10L-30LM/883 

AT22LV10L-30NM/883 


AT22LV10L-35DC Commercial 
AT22LV10L-35GC (0°C to 70°C) 
AT22LV10L-35JC 
AT22LV10L-35KC 
AT22LV10L-35LC 
AT22LV10L-35NC 
AT22LV10L-35PC 
AT22LV10L-35SC 
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AT22LV10L-35DI 
AT22LV10L-35GI 
AT22LV10L-35Jl 

AT22LV10L-35KI 
AT22LV10L-35LI 

AT22LV10L-35NI 
AT22LV10L-35PI 
AT22LV10L-35SI 


AT22LV10L-35DM 
AT22LV10L-35GM 
AT22LV10L-35KM 
AT22LV10L-35LM 
AT22LV10L-35NM 


AT22LV10L-35DM/883 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883D 


AT22LV10L-35GM/883 (-55°C to 125°C) 
AT22LV10L-35KM/883 Class B, Fully Compliant 
AT22LV10L-35LM/883 


AT22LV10L-35NM/883 


Package Type 
| 240W3 | 24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Dual Inline Package (Cerdip) 


| 28) =|: 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


| BL 28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 
| 24P3 —s|_ 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
| 248 | 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
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Features 


e Third Generation Programmable Logic Structure 
High Density Replacement for Discrete Logic 
e High Speed - Plus a New Low Power Version 
e Increased Logic Flexibility 
42 Inputs and 20 Sum terms 
e Flexible Output Logic 
20 Flip-Flops - 10 Extra 
All Can Be Individually Buried or 10 Output Directly P . 
Each has Individual Asynchronous Reset and Clock Terms H ig h Density 
e Multiple Feedback Paths Provide for Buried State Machines 
and I/O Bus Compatibility UV Erasable 
e Proven and Reliable High Speed CMOS EPROM Process 


2000 V ESD Protection Programmable 
200 mA Latchup Immunity . ® 
e Reprogrammable - Tested 100% for Programmability Logic Device 


e 24-pin, 300-mil Dual-in-line and 28-Lead Surface Mount Packages 


Logic Diagram 


(OE PRODUCT TERMS) 


SN 
PROGRAMMABLE )) LOGIC 

12 INTERCONNECT 4708 OPTION An 
INPUT AND PRODUCT TERMS OUTPUT es 

PINS COMBINATORIAL (UP To 20 OPTION 
ane [hse ms 

> 
Description 


The ATV750/L is 100% more powerful than most other programmable logic devices in 
24-pin packages. Increased product terms, sum terms, and flip-flops translate into more 
usable gates. 

Each of the ATV750’s 22 logic pins can be used as an input. Ten of these can be used as 
input, output, or bi-directional I/O pins. All 20 flip-flops can be fed back into the array 
independently. This flexibility allows burying all of the sum terms and flip-flops. 

There are 171 product terms available. A variable format is used to assign between four 
and eight product terms per sum term. There are two sum terms per output, providing 
added flexibility. 

The ATV750/L has more flip-flops available than other PLDs in this density range. Com- 
plex state machines are easily implemented. 

Product terms are available providing asynchronous resets, flip-flop clocks, and output 
enables. One reset and one clock term are provided per flip-flop, with one enable term per 
output. One product term provides a global synchronous preset. Register preload simpli- 
fies testing. The device has an internal power up clear function. 


s wy s 1 Veco IN vo 
Pin Configurations : vo . 
IN vo 
5 x = CS me 
eee aa 2) 
FIN __| Logic Inputs ’ mi ‘ 
— i 
WO Bidirectional Buffers ; oe “i O 
P| No Internal Connection a se 
IN .* Ww 
+5V_Supply N Se. 86 
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Absolute Maximum Ratings* 


Temperature Under Bias 


Storage Temperature 


Voltage on Any Pin with 
Respect to Ground.......ccscessees -2.0 V to +7.0 V") 


Voltage on Input Pins 
with Respect to Ground 
During Programming ..................:2.0 V to +14.0 Vi") 


Programming Voltage with 
Respect to Ground................0.....72.0 V to +14.0 V 


Integrated UV Erase Dose............... 7258 W. sec/cm* 


Logic Options 


Combined Terms Separate Terms 


Output Options 
LD) OE 
From 
Logic vO 
Option 


D.C. and A.C. Operating Conditions 
ATV750-20 

Operating COM. 0°C - 70°C 
Temperature jing. -40°C - 85°C 
Mil. -55°C - 125°C 

5V+ 10% 


(Case) 


Voc Power Supply 


Combined Terms 


ATV750/L-25 
0°C - 70°C 
-40°C - 85°C 
-5S°C - 125°C 
5V+ 10% 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 


mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended pe- 
riods may affect device reliability. 


Note: 


1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc +0.75 V de which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Separate Terms 


ATV750/L-30 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5V+ 10% 


ATV750-35 
0°C - 70°C 
-40°C - 85°C 
55°C - 125°C 
5V+ 10% 
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ATV750/L 


D.C. Characteristics 


Symbol Parameter Condition Min Typ Max Units 
Iu Input Load Current Vin = -0.1 V to Voc+1 V 10 pA 


Output Leakage _ 
Fanart VouT = -0.1 V to Vcc+0.1 V 


Power Supply VCC = MAX , Ind.,Mil. 
Current Vin = GND, Outputs Open 


ATV750L 
Ind.,Mil. 


(2) | Clocked Power f = 1MHz, VCC = MAX, Com. 
Supply Current Outputs Open ATV750L ind. Mil 


(1) | Output Short - 
Circuit Current VouT = 0.5 V 


VIL Input Low Voltage 0.8 
Input High Voltage E Voec+0.75 


loL= 12mACom.,Ind. 
Output Low Vin = Vinor VIL, 
Voltage Voc = MIN loL= 8MAMil. 


loL = 24 mA, Com. 


Output High Vin = Vinor VIL, IoH = -100 pA 
Voltage Voc = MIN dus wi 4.0 THA 


Notes: 1. Not more than one output at a time should be shorted. 2. Outputs not loaded. 
Duration of short circuit test should not exceed 30 sec. 


Operating Modes 

a 24-Pin DIP VOs Voc (24) 
Mode 28-Pin JLCC VOs Voc (28) 
"PLD" ie) 5V 
Program 
PGMVerify 
PGM Inhibit 


Preload #1 
Preload #2 


Notes: 1. X can be Vj, or Vin. 
2. Vu = 11.0 V to 14.0 V 
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A.C. Waveforms” 
Renton XK XK 
REG. FEEDBACK 
SYNCH. PRESE] 

- 


ASYNCH. RESET 


— AW 
1CO tAP tER tEA 
REGISTERED | XX) ¢ guteur 4 nicHz _/ / Vourpur 
OUTPUTS /\/\/\, VALID vAID =—/\ /\ \ \ VALID 
tPD tER | tEA 
COMBINATORIAL / / 


OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


bol Parameter 
Ftp | Input or Feedback to Non-Registered Output 
tea Input to Output Enable 
tee Input to Output Disable 
Clock to Output 
Clock to Feedback 
Input Setup Time 
Hold Time 
Clock Period 
Clock Width 
Maximum Frequency 
Asynchronous Reset Width 


Asynchronous Reset Recovery Time 
Asynchronous Reset to Registered Output Reset 


Setup Time, Synchronous Preset 
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A.C. Characteristics 


Input Setup Time 
Feedback Setup Time 


to 
tea 
te 
pts 
[tse 
pth 
ftp 
two 


Cow [Anyetenousfeee Wah 
Cun [AsmchronousRestReowen Time 
ur [Asynchronous Reset Registered up Rest 
ra 


Setup Time, Synchronous Preset 


Input Test Waveforms and 
Measurement Levels 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 


tR,tF< Sns (10% to 90%) 


ATV750/L 


Output Test Load 
5.0V 
R1=300 
(450 MIL.) OUTPUT 
PIN 


R2=190 
(250 MIL.) L 
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Functional Logic Diagram ATV750, Upper Half 


INPUT LINES 
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Functional Logic Diagram ATV750, Lower Half 
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Preload of Registered Outputs 


The ATV750’s registers are provided with circuitry to allow 
loading of each register asynchronously with either a high or 
a low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A VIH 
level on the I/O pin will force the register high; a Vir will 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/0'S 


Level forced on registered output Select 


pin during PRELOAD cycle 


Power Up Reset 


The registers in the ATV750/L are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 
V, all registers will be reset to the low state. The output state 
will depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. How- 
ever, due to the asynchronous nature of reset and the uncer- 
tainty of how Vcc actually rises in the system, the following 
conditions are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times 
must be met before driving the clock term high, and 

3) The signals from which the clock is derived must remain 
stable during tpr. 


Pin Capacitance 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Pin State 


(f= 1 MHz, T= 25°C) 
Typ Max 


force it low, independent of the output polarity. The preload 
state is entered by placing an 11 V to 14 V signal on pin 8 on 
DIPs, and pin 10 on SMPs. When the clock term is pulsed 
high, the data on the I/O pin is placed into the register cho- 
sen by the Select Pin. 


tomin = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


Register #2 State 
after cycle 


Register #1 state 
after cycle 


3.8 V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tw 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 
fe ResetTime 600 1000 ns 


Conditions 


Units 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 
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Using the ATV750’s Many Advanced 
Features 


The ATV750’s flexibility puts more usable gates in 24 pins 
than other PLDs. The ATV750/L starts with an architecture 
similar to the popular AT22V10, and adds several features: 


e Asynchronous Clocks - 

Each of the flip-flops in the ATV7S0/L has a dedicated 
product term driving the clock. The user is no longer con- 
strained to using one clock for all the registers. Buried 
state machines, counters, and registers can all coexist in 
one device, while running on separate clocks. The 
ATV750/L clock period matches that of similar synchro- 
nous devices. 


e A Full Bank of 10 More Registers - 
The ATV750/L provides two flip-flops for each output 
macrocell - a total of 20. Each register has its own clock 
and reset product terms, as well as its own SUM term. 


e Independent I/O Pin and Feedback Paths - 
Each I/O pin on the ATV750/L has a dedicated input path. 
Each of the 20 registers has individual feedback terms into 
the array. This feature, combined with individual product 
terms for each I/O’s output enable, facilitates designs using 
bi-directional I/O buses. 

e Combinable Sum Terms - 
Each output macrocell’s two SUM terms can be combined 
in an OR gate before the output or the register. This pro- 
vides up to 16 product terms per output or flip-flop. This 
architecture increases the number of usable gates avail- 
able. 


Programming Software Support 


Software which is capable of transforming Boolean equa- 
tions, state machine descriptions and truth tables into 
JEDEC files for the ATV750/L is available from the follow- 
ing sources: 

Data I/O Corp. 
Logical Devices 


- Abel 2.1, 3.0, and above 
- Cup! 2.15B, and above 


Synchronous Preset and 
Asynchronous Reset 


One synchronous preset line is provided for all 20 registers in 
the ATV750/L. The appropriate input signals to cause the in- 
ternal clocks to go to a high state must be received during a 
synchronous preset. Appropriate setup and hold times must 
be met, as shown in the switching waveform diagram. 

An individual asynchronous reset line is provided for each of 
the 20 flip-flops. Both master and slave halves of the flip-flops 
are reset when the input signals received combine so as to 
force the internal resets high. 
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Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of 
the ATV750/L fuse patterns. Once programmed, the output 
buffers will remain in a high impedance state during verify. 
The security fuse should be programmed last, as its effect is 
immediate. 


Erasure Characteristics 


The entire memory array of an ATV750/L is erased after ex- 
posure to ultraviolet light at a wavelength of 2537 A. Com- 
plete erasure is assured after a minimum of 20 minutes expo- 
sure using 12,000 uW/cm? intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other 
intensity ratings can be calculated from the minimum inte- 
grated erasure dose of 15 W- sec/em?. To prevent uninten- 
tional erasure, an opaque label is recommended to cover the 
clear window on any UV erasable PLD which will be sub- 
jected to continuous fluorescent indoor lighting or sunlight. 


Atmel CMOS PLDs 


Atmel’s Programmable Logic Devices utilize an advanced 

1.5-micron CMOS EPROM technology. This technology’s 

state of the art features are the optimum combination for 

PLDs: 

e CMOS technology provides high speed, low power, and 
high noise immunity. 

e EPROM technology is the most cost effective method for 
producing PLDs - surpassing bipolar fusible link technol- 
ogy in low cost, while providing the necessary 
reprogrammability. 

e EPROM reprogrammability, which is 100% tested before 
shipment, provides inherently better programmability and 
reliability than one-time fusible PLDs. 

e Atmel’s EPROM process has proven extremely reliable in 
the volume production of a full line of advanced EPROM 
memory products, from 64K to one-megabit devices. 
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V750 ICC vs FREQUENCY 
TA = 25C, VCC = 5V 


0 10 20 30 40 50 
Frequency (MHz) 
NORMALIZED ICC vs. VCC 
TA = 25C, f = 30 MHz 

1.5 
1.2 
0.9 
0.6 
0.3 

40 45 5 6.0 


5.0 8 
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V750L ICC vs FREQUENCY 
TA = 25C, VCC = 5V 
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NORMALIZED ICC vs. AMBIENT TEMP. 
f = 30 MHz, VCC = 5V 


Ambient Temperatura (C) 


Ordering Information 


ATV750-20KC 
ATV750-20LC 
ATV750-20NC 
ATV750-20PC 
ATV750-20SC 


ATV750-20DI 
ATV750-20GI 
ATV750-20JI 
ATV750-20KI 
ATV750-20LI 
ATV750-20NI 
ATV750-20PI 
ATV750-20SI 


ATV750-20DM 
ATV750-20GM 
ATV750-20KM 
ATV750-20LM 
ATV750-20NM 


ATV750-20DM/883 
ATV750-20GM/883 
ATV750-20KM/883 
ATV750-20LM/883 
ATV750-20NM/883 


ATV750-25DC 
ATV750-25GC 
ATV750-25JC 
ATV750-25KC 
ATV750-25LC 
ATV750-25NC 
ATV750-25PC 
ATV750-25SC 


ATV750-25DI 
ATV750-25GI 
ATV750-25Jl 
ATV750-25KI 
ATV750-25LI 
ATV750-25NI 
ATV750-25PI 
ATV750-25SI 


ATV750/L 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


t 


Military 
(-55°C to 125°C) 


ATV750-25DM/883 
ATV750-25GM/883 
ATV750-25KM/883 
ATV750-25LM/883 
ATV750-25NM/883 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


ATV750-30DC Commercial 
ATV750-30GC (0° to 70°C) 
ATV750-30JC 


ATV750-30KC 


industrial 
(-40°C to 85°C) 


ATV750-30KI 
ATV750-30LI 
ATV750-30NI 
ATV750-30PI 
ATV750-30SI 


ATV750-30DM 
ATV750-30GM 
ATV750-30KM 
ATV750-30LM 
ATV750-30NM 


ATV750-30DM/883 


Military 
(-55°C to 125°C) 


Military/883C 


ATV750-30GM/883 (-55°C to 125°C) 
ATV750-30KM/883 Class B, Fully Compliant 
ATV750-30LM/883 


ATV750-30NM/883 
ATV750-35DC 


Commercial 
(0°C to 70°C) 


ATV750-35KC 


ATV750-35PC 
ATV750-35SC 
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lif : 


Industrial 
(-40°C to 85°C) 


ATV750-35Gl 
ATV750-35ul 
ATV750-35KI 
ATV750-35LI 
ATV750-35NI 
ATV750-35PI 
ATV750-35SI 


ATV750-35DM 
ATV750-35GM 
ATV750-35KM 
ATV750-35LM 
ATV750-35NM 


ATV750-35DM/883 Military/883C 
ATV750-35GM/883 (-55°C to 125°C) 
ATV750-35KM/883 Class B, Fully Compliant 
ATV750-35LM/883 


Military 
(-55°C to 125°C) 


ATV750-35NM/883 
5962-8872604LX Military/883C 
5962-88726043X (-55°C to 125°C) 
Class B, Fully Compliant 
5962-8872603LX Military/883C 
5962-88726033X (-55°C to 125°C) 
Class B, Fully Compliant 
5962-8872602LX Military/883C 
5962-88726023X (-55°C to 125°C) 
Class B, Fully Compliant 
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Ordering Information 


i ° 


ATV750L-25DC 
ATV750L-25GC 
ATV750L-25JC 

ATV750L-25KC 
ATV750L-25LC 

ATV750L-25NC 
ATV750L-25PC 
ATV750L-25SC 


ATV750L-25DI Industrial 
ATV750L-25GI (-40°C to 85°C) 
ATV750L-25Jl 
ATV750L-25K! 
ATV750L-25LI 
ATV750L-25NI 
ATV750L-25PI 
ATV750L-25SI 


ATV750L-25DM 
ATV750L-25GM 
ATV750L-25KM 
ATV750L-25LM 
ATV750L-25NM 


ATV750L-25DM/883 
ATV750L-25GM/883 
ATV750L-25KM/883 
ATV750L-25LM/883 
ATV750L-25NM/883 


ATV750L-30DC 
ATV750L-30GC 
ATV750L-30JC 
ATV750L-30KC 
ATV750L-30LC 
ATV750L-30NC 
ATV750L-30PC 
ATV750L-30SC 


ATV750L-30DI 
ATV750L-30GI 
ATV750L-30uI 

ATV750L-30KI 
ATV750L-30LI 

ATV750L-30NI 
ATV750L-30PI 
ATV750L-30SI 


Commercial 
(0°C to 70°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 
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Ordering Information 


ry 


ATV750L-30DM Milita 
ATV750L-30GM (-55° to 125) 
ATV750L-30KM 

ATV750L-30LM 

ATV750L-30NM 


ATV750L-30DM/883 Military/883C 


ATV750L-30GM/883 (-55° to 125°C) 
ATV750L-30KM/883 Class B, Fully Compliant 
ATV750L-30LM/883 

ATV750L-30NM/883 


5962-8872606LX 24DW3 Military/883C 
5962-88726063X 28LW (-55°C to 125°C) 
Class B, Fully Compliant 


5962-8872606LX 24DW3 Military/883C 
5962-88726063X 28LW (-55°C to 125°C) 
Class B, Fully Compliant 


Package Type 


24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


| 2403 |_24 Lead, 0.300" Wide, Non-Windowed (OTP) Ceramic Dual Injine Package (Cerdip) 
| 28 | 28 Lead, Plasticu-LeadedChipCarierOTP(PLCC) 
| 28KW | 28 Lead, Windowed, Ceramic J-LeadedChipCarrier LCC) 
| 2BLW | 28Pad, Windowed, Ceramic Leadiess ChipCarrier(LCC) 
| 24Po 
24s , 


28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 
24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 
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Features 


e Advanced, High Speed Programmable Logic Device 
improved Performance - 7.5 ns tPD, 95 MHz External Operation 
Enhanced Logic Flexibility 
Backward Compatible with ATV750/L Software and Hardware 

e New Flip-Flop Features 


D- or T-Type 
Product Term or Direct Input Pin Clocking 

e Highest Density Programmable Logic Available in a 24-Pin Package i 

e Increased Logic Flexibility Hig h Speed 
42 Array Inputs, 20 Sum Terms and 20 Flip-Flops UV Erasable 


e Enhanced Output Logic Flexibility 
All 20 Flip-Flops Feed Back Internally 
10 Flip-Flops are Also Available as Outputs 
Low Power ATV750BL - 1.0 mA Standby (Typical) 
Reprogrammable - 100% Tested for Programming 
Full Military, Commercial and Industrial Temperature Ranges 
24-Pin, 0.300" DIP, 24-Lead SOIC, and 28-Lead Surface Mount Packages 


Programmable 
Logic Device 


Logic Diagram 


(OE PRODUCT TERMS) 


PROGRAMMABLE 


12 INTERCONNECT LOGIC 
INPUT AND OPTION 10 
PINS COMBINATORIAL bod 


FLIP-FLOPS) 


Description 


The ATV750Bs are twice as powerful as most other 24-pin programmable logic devices. In- 
creased product terms, sum terms, flip-flops and output logic configurations translate into 
more usable gates. High speed logic and uniform, predictable delays guarantee fast in-system 
performance. 


Each of the ATV750B’s 22 logic pins can be used as an input. Ten of these can be used as 

inputs, Outputs or bi-directional I/O pins. Each flip-flop is individually configurable as either 

D- or T-type. Each flip-flop output is fed back into the array independently. This allows bury- 

ing of all the sum terms and flip-flops. 

There are 171 total product terms available. A variable format is used to assign between four 

to eight product terms per sum term. There are two sum terms per output, providing added 
(continued on next page) 


. P P DIP/SOIC PLCC/LCC 
Pin Configurations CLKAN 
1 Voc IN vec vO 
2 vo IN vo 
; : 3 vo 
PinName Function 4 v0 ” 1 We 
5 vo IN vo 
an v0 
IN | Logic Inputs Inputs ; 7 8 22 bd 
Bidirectional Buffers 9 vo IN vo 
vo IN vo 
fe No Internal Connection vo 15 
IN 


IN * 10 
IN GND IN 10 
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Description (Continued) 


flexibility. Much more logic can be replaced by this device than 
by any other 24-pin PLD. With 20 sum terms and flip-flops, 
complex state machines are easily implemented with logic to 
spare. | 

Product terms provide individual clocks and asynchronous re- 
sets for each flip-flop. Each flip-flop may also be individually 
configured to have direct input pin controlled clocking. Each 
output has its own enable product term. One product term pro- 
vides a common synchronous preset for all flip-flops. Register 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


-2.0 V to +7.0 Vv") 


Voltage on Input Pins 
with Respect to Ground 


During Programming -2.0 V to +14.0 Vi") 


Programming Voltage with 
Respect to Ground 


Integrated UV Erase Dose 


-2.0V to +14.0 Vi") 
7258 W.sec/cm* 


Logic Options 
Combinatorial Output 


Combined Terms 


——s + From v0 Pin 


Separate Terms 


ATV750B/BL 
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preload functions are provided to simplify testing. All registers 
automatically reset upon power up. 


The ATV750BL is a low power device with speeds as fast as 10 
ns. The ATV7S5OBL provides the optimum low power PLD so- 
lution, with full CMOS output levels. This device significantly 
reduces total system power, thereby allowing battery-powered 
operation. 


*NOTICE: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Registered Output 


Combined Terms Separate Terms 


RE SINISE od oaacn My A, 


Clock MUX 
["~cKmux 1 
CKi | TO 
LOGIC 
CLK 
CLOCK PIN | CELL 
PRODUCT | SELECT 
TERM | 
Output Options 
D OE D OE 
From From 
Logic 0 Logic Vo 
Option Option 


D.C. and A.C. Operating Conditions ‘" 


Commercial Commercial Industrial Military 
-7, -10, -15 -25 


Operating Temperature (Case) 0°C - 70°C 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+5% 5V+10% 5V+10% 5V+10% 


Note: 1. See ordering information for valid speed and temperature combination. 


Operating Modes 


a 24-PinDIP/SOIC 1 Voc (24) 
Mode 28-Lead SMD 2 Vcc (28) 
“PLD” a, 45-5.5V 
Program 6V 
PGM Verify 5V 
PGM Inhibit 
Preload #1 


Preload #2 


Notes: 1. X can be Vy or Vou. 
2. Vu = 10.25 V to 10.75 V. 
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D.C. Characteristics 


_— Parameter Condition 


Typ Units 


Input Load Current Vin = -0.1 V to Vcc+1 V 


Output Leakage 


VCC = MAX, 
Vin = GND or Voc 
f = 0 MHz, 
Outputs Open 


Power Supply 
Current, Standby 


Vcc = MAX, 
Vin = GND or Vcc, 
Outputs Open 


Clocked Power 
Supply Current 


Output Short 


Circuit Current Vout = 0.5 V 


VouT = -0.1 V to Vcc+0.1 V 


ATV750B 


Ind.,Mil. 
Com. 
Ind.,Mil. 


ATV750BL 


ATV750BL 


-120 mA 


Input Low Voltage 4.5<Vcc<5.5V -0.6 0.8 


Input High Voltage 


VIN = Vin or ViL, 


Voltage Vcc = MIN 


Output High 
Voltage 


VIN = ViH or VIL, 
Vcc = MIN 


Notes: 
2. See Icc versus frequency characterization curves. 


input Test Waveforms and 
Measurement Levels 


3.0V 
AC AC 
DRIVING 1.5V MEASUREMENT 
LEVELS LEVEL 
0.0V 


tR, tF <3 ns (10% to 90%) 
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2.0 Vec+0.75 
lo. = 16 mA Com..,Ind. 

lot = 12 mA Mil. 

lo. = 24 mA Com. 


IOH = -100 pA 


1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. 


Output Test Load 


R = 100 (167 MIL.) 


PE AER 
ie anal 


ee 
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A.C. Waveforms, Product Term Clock“ 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. PRESE} 
CLOCK 
TERM | 
tEA 


ASYNCH. RESET 


mn | XX Kae" Kee XK Cee 


COMBINATORIAL 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics, Product Term Clock ‘") 


Symbol Parameter 


Input or Feedback to 
Non-Registered Output 


Input to Output Enable 
Input to Output Disable 
tco Clock to Output 

Clock to Feedback 


Input Setup Time 
tSF Feedback Setup Time 


Uv Vv Be) 
| 
2 


Ti 


MAX 

No Feedback 1/(tp) 
Asynchronous Reset Width 
Asynchronous Reset Recovery 


taw 


Asynchronous Reset to 
Registered Output Reset 


Setup Time, Synchronous 
Preset 


Note: 1. See ordering information for valid part numbers. 


> 
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A.C. Waveforms, Input Pin py — 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. PRESET 


CLOCK 
PIN 


ASYNCH. RESET 
tEA 
REGISTERED OUTPUT HIGH Z //\, OUTPUT 
OUTPUTS XX VALID x x a \ \ \VALID 
tPD tER tEA 
COMBINATORIAL / / 
OUTPUTS 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics, Input Pin Clock 


Symbol Parameter 


eee, | | el [lm 
Non-Registered Output 
eC ee ee ee 

ten _|inputto Output Disable | 75 rae 
| tss__|inputSetupTime 

| tus |HoldTime 


External Feedback 1/(tss+tcos) yp 5 
FMAXS | Internal Feedback 1/(tsFs+tcrs) as 


No Feedback 1/(tps) 
Asynchronous Reset Width 


Asynchronous Reset Recovery 
Time 

Asynchronous Reset to 
Registered Output Reset 
Setup Time, Synchronous 
Preset 
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Functional Logic Diagram ATV750B, Upper Half 
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Functional Logic Diagram ATV750B, Lower Half 
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(DIP,SMT) 
(18,21) (17,20) (16,19) (15,18) (14,17) (13,16) 
\4 
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n= 
puma te 
/ amurioae LOGIC } oumurwooe LOGIC OUTPUT | exrurione jeurricoe LOGIC OUTPUT LOGIC Sy 3 
c 
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(7,9) (8,10) (9,11) (10,12) (11,13) 
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Preload of Registered Outputs 


The ATV750B’s registers are provided with circuitry to allow 
loading of each register asynchronously with either a high or a 
low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A Vin level 
on the I/O pin will force the register high; a Vi will force it low, 


VH 
PRELOAD 


CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/0'S 


Level forced on registered output Select 


pin during PRELOAD cycle 


Power Up Reset 


The registers in the ATV7SOBs are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing VrstT, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. How- 
ever, due to the asynchronous nature of reset and the uncer- 
tainty of how Vcc actually rises in the system, the following 
conditions are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 

3) The signals from which the clock is derived must remain 
stable during tpr. 


Pin Capacitance (f= 1 MHz, T = 25°C) ” 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Pin State 


Typ Max 


5 8 pF VIN =0V 
6 8 pF Vout =0V 


independent of the output polarity. The PRELOAD state is en- 
tered by placing a 10.25 V to 10.75 V signal on pin 8 on DIPs, 
and lead 10 on SMDs. When the clock term is pulsed high, the 
data on the I/O pins is placed into the register chosen by the 
Select Pin. 


wD DMIN = 100 ns 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


Register #0 state 
after cycle 


Register #1 State 
after cycle 


VRsT 
POWER 
tPR 
REGISTERED 
OUTPUTS ts " 
tW 
CLOCK 


Parameter Description 
Power-Up Reset Time 600 1000 ns 


Typ Max Units 


Power-Up Reset Voltage 38 45 V 


Units Conditions 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 
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Using the ATV750B’s Many 
Advanced Features 


The ATV750B’s advanced flexibility packs more. usable gates 
into 24 pins than any other logic device. The ATV750Bs start 
with the popular 22V 10 architecture, and add several enhanced 
features: 


e Selectable D- and T-Type Registers - 
Each ATV750B flip-flop can be individually configured as 
either D- or T-type. Using the T-type configuration, JK and 
SR flip-flops are also easily created. These options allow 
more efficient product term usage. 


e Selectable Asynchronous Clocks - 
Each of the ATV750B’s flip-flops may be clocked by its own 
clock product term or directly from Pin 1 (SMD Lead 2). This 
removes the constraint that all registers must use the same 
clock. Buried state machines, counters and registers can all 
coexist in one device while running on separate clocks. Indi- 
vidual flip-flop clock source selection further allows mixing 
higher performance pin clocking and flexible product term 
clocking within one design. 

e A Full Bank of Ten More Registers - 
The ATV750B provides two flip-flops per output logic cell 
for a total of 20. Each register has its own sum term, its own 
reset term and its own clock term. 


e Independent I/O Pin and Feedback Paths - 
Each Y/O pin on the ATV750B has a dedicated input path. 
Each of the 20 registers has its own feedback terms into the 
array as well. This feature, combined with individual product 
terms for each I/O’s output enable, facilitates true bi-direc- 
tional I/O design. 


Programming Software Support 


As with all other Atmel PLDs, several third party development 
software products support the ATV750Bs. Atmel-Abel, Abel™ 
and CUPL™ software fully support all the ATV750B features. 
Also, any software which supports the ATV750/L will automat- 
ically support the same features on the ATV750B. This includes 
Atmel-Abel-4, Abel™ 2.1, Abel™ 3.0 and above, as well as 
CupI™ 2.15B and above. Several third party programmers sup- 
port the ATV750B as well. Additionally, the ATV750B may be 
programmed to perform the ATV750/L’s functional subset (no 
T-type flip-flops or pin clocking) using the ATV750/L JEDEC 
file. In this case, the ATV750B becomes a direct replacement or 
speed upgrade for the ATV750/L. The ATV750/L program- 
ming algorithm is different from the ATV750B/BL algorithm. 
Choose the appropriate device in your programmer menu to en- 


sure proper programming. 
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Synchronous Preset and 
Asynchronous Reset 


One synchronous preset line is provided for all 20 registers in 
the ATV750B. The appropriate input signals to cause the inter- 
nal clocks to go to a high state must be received during a syn- 
chronous preset. Appropriate setup and hold times must be met, 
as shown in the switching waveform diagram. 


An individual asynchronous reset line is provided for each of the 
20 flip-flops. Both master and slave halves of the flip-flops are 
reset when the input signals received force the internal resets 
high. 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV750B fuse patterns. Once the security fuse is programmed, 
all fuses will appear programmed during verify. 


The security fuse should be programmed last, as its effect is 
immediate. 


Erasure Characteristics 


The entire memory array of an ATV7SOB is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm? intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 
ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm*. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable PLD which will be subjected to continuous fluores- 
cent indoor lighting or sunlight. 


Atmel CMOS PLDs 


The ATV750B utilizes an advanced 0.65-micron CMOS 
EPROM technology. This technology’s state of the art features 
are the optimum combination for PLDs: 

e CMOS technology provides high speed, low power, and high 
noise immunity. 

e EPROM technology is the most cost effective method for 
producing PLDs - surpassing bipolar fusible link technology 
in low cost, while. providing the necessary reprogram- 
mability. 

e EPROM reprogrammability, which is 100% tested before 
shipment, provides inherently better programmability and re- 
liability than one-time fusible PLDs. 
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SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
- ATV750B (TA = 25C, VCC = 5V) = ATV750BL (TA = 25C, VCC = 5V) 
125 123 
' | 
Gc ™ Cc 1% 
Cc - C 75 
m 50 m 50 
A A 
23 3 
0 0 
0 10 20 30 40 50 0 10 20 K 4) 40 50 
Frequency (MHz) Frequency (MHz) 
NORMALIZED SUPPLY CURRENT NORMALIZED ICC vs. AMBIENT TEMP. 
vs. SUPPLY VOLTAGE f = 50 MHz 
Nn 18 nS 
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i} 1 
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06 
t 1 
c c 
¢ 02 C 08s 
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NORMALIZED TPD 
vs. SUPPLY VOLTAGE 


4.0 45 5.0 5.5 6.0 


Supply Voltage (V) 


NORMALIZED TCO 
vs. SUPPLY VOLTAGE 


~ Supply Voltage (V) 


NORMALIZED TS 
vs. SUPPLY VOLTAGE 


4.0 45 5.0 5.5 6.0 


Supply Voltage (V) 


DELTA TPD vs. OUTPUT LOADING 
(VCC = 4.5V, OUTPUT LOAD = COMMERCIAL) 


° 


100 200 300 400 


Output Load (jig incld) Capacitance pF 
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NORMALIZED TPD 
vs. TEMPERATURE 


12 
141 
1.0 
0.9 
-55 “25 5 35 65 95 125 


Ambient Temperature (C) 


NORMALIZED TCO 
vs. TEMPERATURE 


1.10 
1.05 
1.00 
0.95 
0.90 
-55 -25 5 35 65 95 125 


Ambient Temperature (C) 


NORMALIZED TS 
vs. TEMPERATURE 


1.5 
1.3 
11 
0.9 
0.7 
-55 3 5 35 65 95 125 


Ambient Temperature (C) 


DELTA TCO vs. OUTPUT LOADING 
( VCC = 4.5V, OUTPUT LOAD = COMMERCIAL ) 


0 100 200 300 400 


Output Load (jig incld) Capacitance pF 


Ordering Information 


Ordering Code 


ATV750B-7DC 
ATV750B-7JC 
ATV750B-7PC 


ATV750B-10DC 
ATV750B-10JC 
ATV750B-10KC 
ATV750B-10PC 
ATV750B-10SC 


ATV750B-10DI 
ATV750B-10JI 
ATV750B-10KI 
ATV750B-10PI 
ATV750B-10SI 


ATV750B-10DM 
ATV750B-10KM 
ATV750B-10LM 


ATV750B-10DM/883 
ATV750B-10KM/883 
ATV750B-10LM/883 


ATV750B-15DC 
ATV750B-15JC 
ATV750B-15KC 
ATV750B-15PC 
ATV750B-15SC 


ATV750B-15DI 
ATV750B-15Jl 
ATV750B-15Ki 
ATV750B-15PI 
ATV750B-15SI 


ATV750B-15DM 
ATV750B-15KM 
ATV750B-15LM 


ATV750B-15DM/883 
ATV750B-15KM/883 
ATV750B-15LM/883 


ATV750B-25DC 
ATV750B-25JC 
ATV750B-25KC 
ATV750B-25PC 
ATV750B-25SC 


ATV750B-25DI 
ATV750B-25Jl 
ATV750B-25KI 
ATV750B-25PI 
ATV750B-25SI 


ATV750B/BL 


Operation Range 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 
Commercial 
(0°C to 70°C) 


industrial 
(-40°C to 85°C) 
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ATV750BL-10DC 
ATV750BL-10JC 
ATV750BL-10PC 


ATV750BL-15DC 
ATV750BL-15JC 
ATV750BL-15KC 
ATV750BL-15PC 
ATV750BL-15SC 


ATV750BL-15DI 
ATV750BL-15Jl 
ATV750BL-15K! 
ATV750BL-15PI 
ATV750BL-15SI 


ATV750BL-15DM 24DW3 Military 
ATV750BL-15KM 28KW (-55°C to 125°C) 
ATV750BL-15LM 28LW 


ATV750BL-15DM/883 24DW3 Military/883C 
ATV750BL-15KM/883 28KW (-55°C to 125°C) 
ATV750BL-15LM/883 Class B, Fully Compliant 


ATV750BL-25DC Commercial 
ATV750BL-25JC (0°C to 70°C) 
ATV750BL-25KC 
ATV750BL-25PC 
ATV750BL-25SC 


ATV750BL-25DI 
ATV750BL-25Jl 
ATV750BL-25K! 
ATV750BL-25PI 
ATV750BL-25S! 


Ordering Information 


AE 
(ns) | (MHz) 


Operation Range 


Commercial 
(0°C to 70°C) 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Industrial 
(-40°C to 85°C) 


Package Type 
24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


1-128 SOP S02 saucers ieee ara seems 


iii EE ome SS Calg / ESE SL, 


Features 


e Quarter Power Equivalent of ATV750B/BL - 90 mA Maximum 
e Low Power ATV750BQL - 1.0 mA Standby (Typical) 
e Advanced, High Speed Programmable Logic Device 
15 ns Maximum Pin-To-Pin Delay 
Enhanced Logic Flexibility 
Backward Compatible with ATV750/L Software and Hardware 
e New Flip-Flop Features 
D- or T-Type 
Product Term or Direct Input Pin Clocking 
e Highest Density Programmable Logic Available in a 24-Pin Package 
e Increased Logic Flexibility 
42 Array Inputs, 20 Sum Terms and 20 Flip-Flops 
e Enhanced Output Logic Flexibility 
All 20 Flip-Flops Feed Back Internally 
10 Flip-Flops are Also Available as Outputs 
e Reprogrammable - 100% Tested for Programming 
e Full Military, Commercial and Industrial Temperature Ranges 
e 24-Pin, 0.300" DIP, 24-Lead SOIC, and 28-Lead Surface Mount Packages 


High Speed 
UV Erasable 

Programmable 
Logic Device 


Advanced 
information 


Logic Diagram 
(OE PRODUCT TERMS) 


4TO8 


PROGRAMMABLE 
INTERCONNECT 


12 LOGIC 


INPUT AND OPTION OUTPUT boc 
PINS COMBINATORIAL | PRODUCT OPTION vO 
Oete ARRAY (UP To 20 PINS 


FLIP-FLOPS) 


he 


(CLOCK PIN) 


Description 


The ATV750BQs are twice as powerful at lower current requirements than most other 24-pin 
programmable logic devices. Increased product terms, sum terms, flip-flops and output logic 
configurations translate into more usable gates. High speed logic and uniform, predictable 
delays guarantee fast in-system performance. 


Each of the ATV750BQ’s 22 logic pins can be used as an input. Ten of these can be used as 

inputs, outputs or bi-directional I/O pins. Each flip-flop is individually configurable as either 

D- or T-type. Each flip-flop output is fed back into the array independently. This allows bury- 

ing of all the sum terms and flip-flops. 

There are 171 total product terms available. A variable format is used to assign between four 

to eight product terms per sum term. There are two sum terms per output, providing added 
(continued on next page) 


. . * DIP/SOIC PLCC/LCC 
Pin Configurations CLKIN 
1 Veco IN | vcc VO 
2 vo IN| * VO 
3 vo 
Pin Name Function Fi o - 1 - 
5 vo 
; ee f 3 
iN ; , C 
| Logic Inputs Inputs : ie . 22 ee 
Bidirectional Buffers 9 vo IN vo 
vo IN vo 
fe | No Internal Connection vo " 
+5 V Supply 7 IN * WwW 


IN GND IN 1 
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Description (Continued) 


flexibility. Much more logic can be replaced by this device than 
by any other 24-pin PLD. With 20 sum terms and flip-flops, 
complex state machines are easily implemented with logic to 
spare. 

Product terms provide individual clocks and asynchronous re- 
sets for each flip-flop. Each flip-flop may also be individually 
configured to have direct input pin controlled clocking. Each 
output has its own enable product term. One product term pro- 
vides a common synchronous preset for all flip-flops. Register 


D.C. and A.C. Operating Conditions 


Commercial 
“15 


Commercial 


preload functions are provided to simplify testing. All registers 
automatically reset upon power up. 

The ATV750BQL is a low power device with speeds as fast as 
15 ns. The ATV7S50BQL provides the optimum low power PLD 
solution, with full CMOS output levels. Typical standby current 
is only 1 mA. This device significantly reduces total system 
power, thereby allowing battery-powered operation. 


Industrial Military 
-25 -25 -25 


Operating Temperature (Case) 0°C - 70°C °C -70°C -40°C - 85°C -55°C - 125°C 


Vcc Power Supply 


5V+5% 
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5V+10% 5V+10% 5V+10% 


Pe eerste ee 


ERNIE remem oem OLY PSOB/BL 


Features 


e 3-Voit Operation - Low System Power Requirement 
e Wide Vcc Range 
Vcc = 3.0 V to 5.25 V (Commercial) 
Vcc = 3.0 V to 5.5 V (industrial) 
e Advanced, High Speed Programmable Logic Device 
10 ns Maximum Pin-To-Pin Delay 
Enhanced Logic Fiexibility 
Architecture Identical to ATV750B/BL 
Backward Compatible with ATV750/L Software and Hardware 
e Low Power, Low Voltage ATLV750BL - 0.5 mA Standby (Typical) at 3.6 V 
e New Flip-Flop Features 
D- or T-Type 
Product Term or Direct Input Pin Clocking 
e Highest Density Programmable Logic Available in a 24-Pin Package 
e Increased Logic Flexibility 
42 Array Inputs, 20 Sum Terms and 20 Flip-Flops 
e Enhanced Output Logic Flexibility 
All 20 Flip-Flops Feed Back Internally 
10 Flip-Flops are Also Available as Outputs 
e Reprogrammable - 100% Tested for Programming 


High Speed 
UV Erasable 

Programmable 
Logic Device 


Advanced 


e Full Commercial and Industrial Temperature Ranges information 
e 24-Pin, 0.300" DIP, 24-Lead SOIC, and 28-Lead Surface Mount Packages 
Logic Diagram 
(OE PRODUCT TERMS) 
PROGRAMMABLE 
12 INTERCONNECT LOGIC 
INPUT AND OPTION OUTPUT 10 
PINS COMBINATORIAL ae caus 
LOGIC ARRAY FLIP-FLOPS) 
Description 
The ATLV750Bs are twice as powerful as most other 24-pin programmable logic devices. 
Increased product terms, sum terms, flip-flops and output logic configurations translate into 
more usable gates. High speed logic and uniform, predictable delays guarantee fast in-system 
performance. 
Each of the ATLV750B’s 22 logic pins can be used as an input. Ten of these can be used as 
inputs, outputs or bi-directional I/O pins. Each flip-flop is individually configurable as either 
(continued on next page) 
: . . DIP/SOIC PLCC/LCC 
Pin Configurations CLIN 
1 Vcc IN vcce VO 
2 vO IN Ve) 
: . vO 
s at) Yn 
5 vo 
: mn v0 
i 7 ° 
FIN | Logic inputs 7 vo be ze} 
; oN v0 
vo IN vo 
[* | No Internal Connection _ 10 r 
7 Nt WO 
pp IN GND IN 1/0 
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Description (Continued) 


D- or T-type. Each flip-flop output is fed back into the array 
independently. This allows burying of all the sum terms and 
flip-flops. 

There are 171 total product terms available. A variable format is 
used to assign between four to eight product terms per sum term. 
There are two sum terms per output, providing added flexibility. 
Much more logic can be replaced by this device than by any 
other 24-pin PLD. With 20 sum terms and flip-flops, complex 
state machines are easily implemented with logic to spare. 
Product terms provide individual clocks and asynchronous re- 
sets for each flip-flop. Each flip-flop may also be individually 
configured to have direct input pin controlled clocking. Each 
output has its own enable product term. One product term pro- 


D.C. and A.C. Operating Conditions 


vides a common synchronous preset for all flip-flops. Register 
preload functions are provided to simplify testing. All registers 
automatically reset upon power up. 


The ATLV750B and ATLV7SOBL are low voltage and low 
power devices with speeds as fast as 10 ns. Architecturally iden- 
tical to the ATV750B/BL, the ATLV750B/BL satisfies most 
low voltage, low power portable design requirements. The 
ATLV750BL provides the optimum low power PLD solution, 
with full CMOS output levels. Standby power dissipation is as 
low as 1.8 mW at 3.6-V operation. This device significantly re- 
duces total system power, thereby allowing battery-powered 
operation. 
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Commercial 
-10, -15 


Operating Temperature (Case) 0°C - 70°C -40°C - 85°C 
Vcc Power Supply 3.0 V to 5.25 V 3.0Vto5.5V 


industrial 
-10, -15 
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Features 


e Third Generation Programmable Logic Structure 
Easily Achieves Gate Utilization Factors of 80 Percent 
e Increased Logic Flexibility 
86 Inputs and 72 Sum Terms 
e Flexible Output Macrocell 
48 Flip-Flops - 2 per Macrocell 
3 Sum Terms - Can Be OR’ed and Shared 
e High Speed 


° Low Power - Less than 0.5 mA Typical (ATV2500L) High Density 
e Multiple Feedback Paths Provide for Buried State Machines 
and /O Bus Compatibility UV Erasable 
e Asynchronous Clocks and Resets 
Multiple Synchronous Presets - One per Four or Eight Flip-Flops to rogram mable 
e Proven and Reliable High Speed CMOS EPROM Process 


2000 V ESD Protection 
200 mA Latchup Immunity 
e Reprogrammable - Tested 100% for Programmability 
e 40-pin Dual-in-line and 44-Lead Surface Mount Packages 


Logic Device 


Block Diagram 
PROGRAMMABLE 48 
14 INTERCONNECT 24 
INPUT AND vo 
PINS COMBINATORIAL PINS 


LOGIC ARRAY 


Description 

The ATV2S500H/L is the most powerful programmable logic device available in a 40-pin 
package. Increased product terms, sum terms, and flip-flops translate into many more 
usable gates. High gate utilization is easily obtainable. 

The ATV2500H/L is organized around a global bus. All pin and feedback terms are always 
available to every logic cell. Each of the 38 logic pins and their complements are array inputs, 
as well as the true and false outputs of each of the 48 flip-flops. 

There are 416 product terms available. Four product terms are input to each sum term. The 
three sum terms per logic cell can be combined to provide up to 12 product terms, combina- 
torial and registered. Independent of output configuration, the two flip-flops are always us- 
able, and always have at least four product term inputs. 

Product terms are available providing asynchronous resets, flip-flop clocks, and output en- 
ables. One reset and one clock term are provided per flip-flop, with one enable term per out- 
put. Eight product terms provide local synchronous presets, divided up into banks of four and 
eight flip-flops. Register preload and buried register observability simplify testing. The device 
has an internal power up clear function. 


Pin Configurations 


IN [Logic Inputs 

vo 
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Connection 


+5 V Supply 
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Functional Logic Diagram ATV2500H/L 


INPUT TERMS 0,1,2,3,4,5,... 86..91 
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Functional Logic Diagram Description 


The ATV2500H/L Functional Logic Diagram describes the in- 
terconnections between the input, feedback pins and logic cells. 
All interconnections are routed through the global bus. 


The ATV2S500H/L is a straightforward and uniform PLD. The 
24 macrocells are numbered 0 through 23. Each macrocell con- 
tains 17 AND gates. All AND gates have 172 inputs. The five 
lower product terms provide AR1, CK1, CK2, AR2, and OE. 
These are: one asynchronous reset and clock per flip-flop, and 
an output enable. The top 12 product terms are grouped into 
three sum terms, which are used as shown in the macrocell 
diagrams. 

Eight synchronous preset terms are distributed in a 2/4 pattern. 
The first four macrocells share Preset 0, the next two share 
Preset 1, and so on, ending with the last two macrocells sharing 
Preset 7. 

The 14 dedicated inputs and their complements use the num- 
bered positions in the global bus as shown. Each macrocell pro- 
vides six inputs to the global bus: (left to right) flip-flop Q2 true 
and false, flip-flop Q1 true and false, and the pin true and false. 
The positions occupied by these signals in the global bus are the 
six numbers in the bus diagram next to each macrocell. 


Operating Modes 
40-Pin DIP 21 2 38 23 
Mode 44-Pin JLCC 23 2 42 ~ 25 
"PLD" xX) xX xX xX 
Vpp X X xX 
Vpp X X X 


Vpp X X X 


Program 
PGM Verify 
PGM Inhibit 
Preload Q1 
Preload Q2 
Observe Q2 


Notes: 1. X can be Vy, or Vo. 
2. Vu = 11.0 V to 14.0 V 


X VH X X 


Su X Vi ViViH VIL 5V 
SL X Vi VVVin ViIH 5V 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 
Respect to Ground 


-2.0 V to +7.0 Vi") 


Voltage on Input Pins 
with Respect to Ground 


During Programming -2.0 V to +14.0 


Programming Voltage with 
Respect to Ground 


Integrated UV Erase Dose 


-2.0 V to +14.0 Vi") 
7258 W-sec/cm* 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Voc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


20 Vcoc(10) Odd 
22 Voc(11,12) V/Os /Os 
X Sv /O /O 
Vy 6V DIN N.C. 
VIL 6V Dout VOH 
VIH 6V High Z High Z 
Din(Even/Odd) VIH 
Din(Even/Odd) ViH 
DouT 


Even 


xX 5V DouT 


Note: 


Terms In 
D1 D2 Output Configuration 


jo 0 0 | 8 4 _| Registered (a1) 
jo 1 | 12 4 | Registered (a1) 


Note: 1. These 4 terms are shared with D1. 


| 83 | Output Configuration 
po | Actvetow 
| Active High 


D.C. and A.C. Operating Conditions 
ATV2500H-25 
0°C - 70°C 
-40°C - 85°C 
Mil. -55°C - 125°C 

5 V+ 10% 


Operating COM. 


Temperature nd. 
(Case) 


Vcc Power Supply 
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ATV2500H/L-30 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5 V+ 10% 


=~ -seoenouw a 


1. These diagrams shows equivalent logic functions, not necessarily the actual circuit implementation. 


Terms In 
D1 D2 Output Configuration 


pt 0 0 | 4 4 | Combinatorial (8 Terms) 
p10 | 4 4 | Combinatorial (4 Terms) 
pt to | 4 al | Combinatorial (12 Terms) 


Note: 1. These 4 terms are shared with D1. 


| S38 | Output Configuration 
po | Actvetow 
pt Active High 


ATV2500L-40 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5V+10% 


ATV2500H/L-35 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5 V+ 10% 


Ts ven essen ane cece carrera 


ATV2500H/L 


D.C. Characteristics 
_ Parameter Condition Typ Units 


Input Load Current Vin=-0.1 V to Vcoc+1 V 


Output Leakage ; 
Current VouT = -0.1 V to Vec+0.1 V 10 pA 


ATV2500L 
Voc = MAX 
Power Supply 
- Current Vin = GND or Vcc 


Outputs Open 
ATV2500H 


Clocked Power 
Voc = MAX 
lcc2 Supply Current 
oo (ATV2500L) Outputs Open Ind.,Mil 


Output Short 
Circuit Current Vout = 0.5 V 


Input Low Voltage -0.6 0.8 V 
Input High Voltage 2.0 Vcc+0. 1 V 
V 
V 


Vin = ViH or VIL, 
= Output Low Voltage lo. = 8 mA Com, Ind; 6 mA Mil. 0.5 


IOH = -100 pA 
IOH = -4.0 MA ; V 


Notes: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec.This parameter is 
only sampled and is not 100% tested. See Absolute Maximum Ratings. 


Output High Voltage 


Pin Capacitance (f= 1 MHz, T = 25 oe © 


Units Conditions 
<< A ON ee 
8 12 ; Vout = 0V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 
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A.C. Waveforms” 
mearecomce =X KC KC 
REG. FEEDBACK 
SYNCH. PB =a 

Zz 


ASYNCH. RESET 
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ere) tAP tER tEA 
REGISTERED V/\/ OUTPUT OUTPUT \/ VV \ HiGHz IF Vessco 
OUTPUTS /\/\ VALID VALID =/\ /\ E \ \ VALID 
tEA 
COMBINATORIAL / [| 
OUTPUTS ‘5S 


Note: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics for the ATV2500L 


ATV2500L-30 | ATV2500L-35 | ATV2500L-40 
Symbol_ Parameter a Se 


Input or Feedback to 
Non-Registered Output 


[inputto Output Enable | 8 
inputto Output Disable | 80 


iter 
5 30 | 
| 1020 
2 
eee 
tse [Feedback SetupTime || 10 
ctu to 
the ps 
bf nee tad 
390 
88 
law eT 
tAR 
taP 


Hold Time, Buried Register‘! 
| tp | Clock Period 


Maximum Frequency (1/tp) 
Asynchronous Reset Width 


Asynchronous Reset Recovery 18 
Time 

Asynchronous Reset to 

Registered Output Reset 


Note: 1. Buried registers include all 24 Q2 registers and any of the 24 Q1 registers in macrocells configured as combinatorial. 


Hold Time, Output Register 
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A.C. Characteristics for the ATV2500H 


pam ee 
Parameter Maal Maw Mine oe Mets Ao A | 
Non-Registered Output 


Input to Output Disable 


Clock to Output 
Clock to Feedback 


Input Setup 
Time, Output Register 


a 
a 
tse |S 
“a 
re 
tp 
| FMAX | 


Feedback Setup Time 


tw Clock Width 
Clock Period 
Maximum Frequency (1/p) 


Asynchronous Reset 
Width 


Asynchronous Reset 
Recovery Time 


Asynchronous Reset to 
Registered Output Reset 


Note: 1. Buried registers include all 24 Q2 registers and any of the 24 Q1 registers in macrocells configured as combinatorial. 


Input Test Waveforms and Output Test Load 


Measurement Levels 5 0V 


- ae es R1=450 
(580 MIL.) OUTPUT 
DRIVING 1.5V MEASUREMENT PIN 
LEVELS noe LEVEL R2=250 
) 


(280 MIL.) al 


tR,tF<S5ns (10% to 90% 


AIMEL 1-139 


AIMEL 


Preload and Observability of Registered Outputs 


The ATV2500H/L’s registers are provided with circuitry to 
allow loading of each register asynchronously with either a high 
or a low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A Vin level 
on the Odd I/O pins will force the appropriate register high; a 
Vit will force it low, independent of the polarity or other con- 
figuration bit settings. 

The preload state is entered by placing an 11 V to 14 V signal 
on pin 38 on the DIP and pin 42 on the SMP. When the clock 


term is pulsed high, (pin 21 on the DIP, pin 23 on the SMP) the 
data on the I/O pins is placed into the 12 registers chosen by the 
Q select and even/odd select pins. 

Register 2 observability mode is entered by placing an 11 V to 
14 V signal on pin 2 (DIP or SMP). In this mode, the contents 
of the buried register bank will appear on the associated outputs 
when the OE control signals are active. 


wa tD tD tD tD tD tpMin = 100 ns 
—_ 
a one (OO esa 
REGISTERED _e ee 
OUTPUTS OUTPUT 
PRELOAD ENA. | FORCE I/O’'S PRELOAD DATA VOLTAGE PRELOAD 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN REMOVED DISABLED 


Level forced on Q Select Even/ 
Odd 


select 


Odd I/O pin during pin 
preload cycle. 


state 


Power Up Reset 


The registers in the ATV2500H/L are designed to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 

3) The signals from which the clock is derived must remain 
stable during tpr. 
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ATV2500H/L 


Even Q1 
state after 
cycle 


Even Q2 
state after 
cycle 


Odd Q1 
state after 
cycle 


Odd Q2 
state after 
cycle 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
3 tw 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 


nnn moms: mmm: comes BT 2500). 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV2S00H/L fuse patterns. Once programmed, the outputs 
will read programmed during verify. The security fuse should 
be programmed last, as its effect is immediate. 


The security fuse also inhibits preload and Q2 observability. 


Atmel CMOS PLDs 


Atmel’s Erasable Programmable Logic Devices utilize an ad- 

vanced 1.25-micron CMOS EPROM technology. This tech- 

nology’s state of the art features are the optimum combination 

for PLDs: 

¢ CMOS technology provides high speed, low power, and high 
noise immunity. 

¢ EPROM technology is the most cost effective method for 
producing PLDs - surpassing bipolar fusible link technology 
in low cost, while providing the necessary reprogrammabil- 
ity. . 

¢ EPROM reprogrammability, which is 100% tested before 

shipment, provides inherently better programmability and re- 

liability than one-time fusible PLDs. 

Atmel’s EPROM process has proven extremely reliable in 

the volume production of a full line of advanced EPROM 

memory products, from 64K to one-megabit devices. 


Using the ATV2500H/L’s Many 
Advanced Features 

The ATV2500H/L’s flexibility puts more usable gates in 40 
pins than other PLDs. Some of the ATV2500H/L’s key features 
are: 

© Asynchronous Clocks - 

Each of the flip-flops in the ATV2500H/L has a dedicated prod- 
uct term driving the clock. The user is no longer constrained to 
using one clock for all the registers. Buried state machines, 
counters, and registers can all coexist in one device, while run- 
ning on separate clocks. The ATV2S500H/L clock period 
matches that of similar synchronous devices. 

¢ A Total of 48 Registers - 

The ATV2500H/L provides two flip-flops for each output 
macrocell - a total of 48. Each register has its own clock and 
reset product terms, as well as its own sum term. 


© Independent I/O Pin and Feedback Paths - 


Each I/O pin on the ATV2500/H has a dedicated input path. 
Each of the 48 registers has individual feedback terms into the 
array. This feature, combined with individual product terms for 
each I/O’s output enable, facilitates designs using bi-directional 
I/O buses. 

© Three Sum Terms per Macrocell - 


The ATV2500H/L macrocell can be configured with one SUM 
term feeding the output, and still have two SUM terms feeding 
the flip-flops. This is the simplest method for interfacing with an 
I/O bus, and no flip-flops need be sacrificed. 


© Combinable Sum Terms - 


Each output macrocell’s three SUM terms can be combined in 
an OR gate before the output or the register. This provides up to 
12 product terms per output or flip-flop. When the registered 
output configuration is chosen, eight terms are automatically 
available to D1. The four terms feeding D2 can also be shared 
with D1, giving ita total of 12. In the combinatorial mode, four, 
eight, or 12 terms can feed the output, with the middle four still 
driving D1 and the bottom four still driving D2. 


Programming Software Support 


Software which is capable of transforming Boolean equations, 
state machine descriptions and truth tables into JEDEC files for 
the ATV2S500H/L is currently available from the following 
sources: 


Data I/O Corp. - Abel™ 4.0 and above 
Logical Devices - Cupl 3.0 and above 
Atmel Corp. -Atmel-Abel-4 


Erasure Characteristics 


The entire memory array of an ATV2S00H/L is erased after ex- 
posure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm? intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 
ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm?. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable PLD which will be subjected to continuous fluores- 
cent indoor lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY 
TA = 25C, VCC = 5V 
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SUPPLY CURRENT vs. SUPPLY VOLTAGE 
f =O HZ, TA = 25C 
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SUPPLY CURRENT vs. SUPPLY VOLTAGE 
f = 20 MHz , TA = 25C 
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vs. SUPPLY VOLTAGE 


NORMALIZED TCO 
vs. SUPPLY VOLTAGE 


DELTA TPD vs. OUTPUT LOADING 
TA = 25C, VCC = 5V 
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ATV2500H/L 


NORMALIZED TPD 
vs. TEMPERATURE 
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DELTA TCO vs. OUTPUT LOADING 
TA = 25C, VCC = 5V 
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Ordering Information 


t f 


ATV2500H-25DC 
ATV2500H-25JC 
ATV2500H-25KC 
ATV2500H-25LC 
ATV2500H-25PC 


ATV2500H-25DI 
ATV2500H-25JI 
ATV2500H-25KI 
ATV2500H-25LI 
ATV2500H-25PI 


ATV2500H-25DM Military 
ATV2500H-25KM 44KW (-55°C to 125°C) 
ATV2500H-25LM 44LW 


ATV2500H-25DM/883 . Military/883C 
ATV2500H-25KM/883 (-55°C to 125°C) 
ATV2500H-25LM/883 Class B, Fully Compliant 


ATV2500H-30DC Commercial 
ATV2500H-30JC (0°C to 70°C) 
ATV2500H-30KC 
ATV2500H-30LC 
ATV2500H-30PC 


ATV2500H-30DI 
‘ ATV2500H-30JI 
ATV2500H-30KI 
ATV2500H-30LI 
ATV2500H-30PI 


ATV2500H-30DM 
ATV2500H-30KM 
ATV2500H-30LM 


ATV2500H-30DM/883 40DW6 Military/883C 
ATV2500H-30KM/883 44KW (-55°C to 125°C) 
ATV2500H-30LM/883 Class B, Fully Compliant 


ATV2500H-35DC Commercial 
ATV2500H-35JC (0°C to 70°C) 
ATV2500H-35KC 
ATV2500H-35LC 
ATV2500H-35PC 


ATV2500H-35DI 
ATV2500H-35JI 
ATV2500H-35KI 
ATV2500H-35LI 
ATV2500H-35PI 


ATV2500H-35DM 
ATV2500H-35KM 
ATV2500H-35LM 


ATV2500H-35DM/883 
ATV2500H-35KM/883 
ATV2500H-35LM/883 


Commercial 
(0°C to 70°C) 


Industrial 
(-40°C to 85°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Industrial 
(-40°C to 85°C) 


Military 
(-55°C to 125°C) 


Military/883C 
(-55°C to 125°C) 
Class B, Fully Compliant 


ATV2500H/L 


Ordering Information 


t f 
5962-91545 02M QX 40DW6 Military/833C 
5962-91545 02M XX 44LW (-55°C to 125°C) 
5962-91545 02M YX 44KW Class B, Fully Compliant 
5962-91545 01M QX 40DW6 Military/833C 
5962-91545 01M XX 44LW (-55°C to 125°C) 
5962-91545 01M YX 44KW Class B, Fully Compliant 


Ordering Information 


t f 


ATV2500L-30DC Commercial 
ATV2500L-30JC (0°C to 70°C) 
ATV2500L-30KC 
ATV2500L-30LC 


ATV2500L-30PC 


ATV2500L-30DI 
ATV2500L-30uI 
ATV2500L-30KI 
ATV2500L-30LI 
ATV2500L-30PI 


Industrial 
(-40°C to 85°C) 


ATV2500L-30DM 40DW6 Military 
ATV2500L-30KM 44KW (-55°C to 125°C) 
ATV2500L-30LM 44LW 

ATV2500L-30DM/883 40DW6 Military 


ATV2500L-30KM/883 44KW (-55°C to 125°C) 
ATV2500L-30LM/883 Class B, Fully Compliant 


ATV2500L-35DC Commercial 
ATV2500L-35JC (0°C to 70°C) 
ATV2500L-35KC 
ATV2500L-35LC 


ATV2500L-35PC 


ATV2500L-35DI 
ATV2500L-35JI 
ATV2500L-35KI 
ATV2500L-35LI 
ATV2500L-35PI 


Industrial 
(-40°C to 85°C) 


ATV2500L-35DM 40DW6 Military 
ATV2500L-35KM 44KW (-55°C to 125°C) 
ATV2500L-35LM 44LW 

ATV2500L-35DM/883 40DW6 Military 


ATV2500L-35KM/883 44KW (-55°C to 125°C) 
ATV2500L-35LM/883 Class B, Fully Compliant 


ATV2500L-40DC Commercial 
ATV2500L-40JC (0°C to 70°C) 
ATV2500L-40KC 
ATV2500L-40LC 
ATV2500L-40PC 


ATV2500L-40DI Industrial 
ATV2500L-40JI (-40°C to 85°C) 
ATV2500L-40K! 
ATV2500L-40LI 
ATV2500L-40PI 


ATV2500L-40DM Military 
ATV2500L-40KM 44KW (-55°C to 125°C) 
ATV2500L-40LM 
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ATV2500H/L 


Ordering Information 


ATV2500L-40DM/883 Military/883C 


ATV2500L-40KM/883 (-55°C to 125°C) 
ATV2500L-40LM/883 Class B, Fully Compliant 
5962-91545 03M QX Military/833C 
5962-91545 03M XX (-55°C to 125°C) 
5962-91545 03M YX Class B, Fully Compliant 


| 44) | 44 Lead, Plastic Leaded ChipCarier OTP(PLCC) 
| 4aKW | 44 Lead, Windowed, Ceramic Leaded ChipCarrier(JLCC) 
44LW 
40P6 
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Features 
e High Performance, High Density Programmable Logic Device 
Typical 7 ns Pin-to-Pin Delay 
Fully Connected Logic Array With 416 Product Terms 
e Flexible Output Macrocell 
48 Flip-Flops - Two per Macrocell 
72 Sum Terms 
All Flip-Flops, I/O Pins Feed In Independently 
Achieves Over 80% Gate Utilization ‘ 
e Enhanced Macrocell Configuration Selections High Speed 
D- or T-Type Flip-Flops : : 
Preduct Term or Direct Input Pin Clocking Hig h Density 
Registered or Combinatorial Internal Feedback 
Low Power ATV2500BL - 2 mA Stand-By (Typical) UV Erasable 
Programmable 


Backward Compatible With ATV2500H/L Software 

Proven and Reliable High Speed UV EPROM Process 

Reprogrammable - Tested 100% for Programmabillity Fl ; 
44-Lead Surface Mount Packages Logic Device 


Block Diagram 


(CONTROL LINES) 


PROGRAMMABLE 


48 
14 INTERCONNECT 24 24 
INPUT AND FLIP-FLOPS OUTPUT vO 
PINS COMBINATORIAL PINS 
LOGIC ARRAY 


in . -/ MACROS 7 J 


CLK 


Description 

The ATV2500Bs are the highest density PLDs available in a 44-pin package. With their fully 
connected logic array and flexible macrocell structure, high gate utilization is easily obtain- 
able. 


The ATV2S500Bs are organized around a single universal input bus. All pin and feedback 
terms are always available to every macrocell. Each of the 38 logic pins are array inputs, as 
are the outputs of each flip-flop. (continued) 


Pin Configurations 


IN _ [Logic inputs 
CLK/IN _ | Pin Clock and Input 


/O Bidirectional Buffers 


//0 0,2,4.. | "Even" I/O Buffers 


VO 1,3,5.._|"Odd" I/O Buffers 
|GND___| Ground 


SMD 


YOO IN CLK/IN 


Almet 


Functional Logic Diagram ATV2500B 
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INPUT TERMS 0,1,2,3,4,5,... 86..91 
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Description (Continued) 


In the ATV2500Bs, four product terms are input to each sum 
term. Furthermore, each macrocell’s three sum terms can be 
combined to provide up to 12 product terms per sum term with 
no performance penalty. Each flip-flop is individually select- 
able to be either D- or T-type, providing further logic compac- 
tion. Also, 24 of the flip-flops may be bypassed to provide inter- 
nal combinatorial feedback to the logic array. 

Product terms provide individual clocks and asynchronous re- 
sets for each flip-flop. The flip-flops may also be individually 
configured to have direct input pin clocking. Each output has its 
own enable product term. Eight synchronous preset product 
terms serve local groups of either four or eight flip-flops. Regis- 
ter preload functions are provided to simplify testing. All regis- 
ters automatically reset upon power up. . 

The ATV2S00BL is the low voltage compatible device with 
speeds as fast as 15 ns. The ATV2500BL consumes only 2 mA 
at standby, which provides the optimum low power PLD solu- 
tion with full CMOS output levels. The ATV2S500BL signifi- 
cantly reduces total system power, allowing battery-powered 
operation. 


Operating Modes 


| Mode - |44LeadSMD 23° «2 «42—o25 


“PLD” x) x xX Xx 


Vpp X X X 
Vpp X X D4 
Vpp X X Xx 


Program 

PGM Verify 
PGM Inhibit 
Preload Q1 
Preload Q2 


Observe Q2 


Notes: 1. X can be Vy, or Vo. 
2. Vy = 10.25 V to 10.75 V. 


X VH X X 


Functional Logic Diagram Description 


The ATV2500B functional logic diagram describes the inter- 
connections between the input, feedback pins and logic cells. 
All interconnections are routed through the single global bus. 
The ATV2S500Bs are straightforward and uniform PLDs. The 
24 macrocells are numbered 0 through 23. Each macrocell con- 
tains 17 AND gates. All AND gates have 172 inputs. The five 
lower product terms provide AR1, CK1, CK2, AR2, and OE. 
These are: one asynchronous reset and clock per flip-flop, and 
an output enable. The top 12 product terms are grouped into 
three sum terms, which are used as shown in the macrocell 
diagrams. 

Eight synchronous preset terms are distributed in a 2/4 pattern. 
The first four macrocells share Preset 0, the next two share Pre- 
set 1, and so on, ending with the last two macrocells sharing 
Preset 7. 


The 14 dedicated inputs and their complements use the num- 
bered positions in the global bus as shown. Each macrocell pro- 
vides six inputs to the global bus: (left to right) feedback F2“ 
true and false, flip-flop Q1 true and false, and the pin true and 
false. The positions occupied by these signals in the global bus 
are the six numbers in the bus diagram next to each macrocell. 
Note: 1. Either the flip-flop input (D/T2) or output (Q2) may 
be fed back in the AT V2SO0Bs. 


22 Vcoc(11,12) Odd I/Os Even I/Os 
X 45V-55V /O /O 

Vu 6V DIN N.C. 

Vit 6V DouT VOH 

VIH 6V High Z 


Su X (Ve VWVIH VIL 45V-55V  Din(Even/Odd) VIH 
SLX Vy ViV/ViH VIH 4.5V-5.5V  Din(Even/Odd) ViH 


xX 45V-5.5V DouT DouT 
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Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under “Absolute Maxi- 


Temperature Under Bias “55°C to +125°C mum Ratings” may cause permanent damage to the device. 
ero ry This is a stress rating only and functional operation of the de- 

Storage Temperature 65°C to +150°C vice at these or any other conditions beyond those indicated in 
Voltage on Any Pin with the operational sections of this specification is not implied. 

bh (1) Exposure to absolute maximum rating conditions for extended 
Respect to Ground 2.0V to +7.0 V periods may affect-devick reliability: 
Voltage on Input Pins Note: 
with Respect to Ground 1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
During Programming -2.0Vto +14.0 vi) V for pulses of less than 20 ns. Maximum output pin voltage 

is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 

Programming Voltage with of less than 20 ns. 


Respect to Ground -2.0 V to +14.0 Vv") 
Integrated UV Erase Dose 7258 W-sec/cm* 


D.C. and A.C. Operating Conditions 
Commercial Industrial Military 


Operating Temperature (Case) 0°C - 70°C -40°C - 85°C -55°C - 125°C 
Vcc Power Supply 5V+ 5% 5V+ 10% 5V+ 10% 


Pin Capacitance (f= 1 MHz, T = 25°C) “? 


Typ Max Units Conditions 
4 6 pF VIN=0V 
CouT 8 12 pF Vout = 0 V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 
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Output Logic, Registered “ 


Output Logic, Combinatorial “ 


ws 


=~ seo @monena a 


Note: 1. These diagrams show equivalent logic functions, not necessarily the actual circuit implementation. 


| 8 4 Registered (1); Q2 FB 
| 124 | Registered (21); 02 FB 
p41 | 8 4 | Registered (1); 0/12 FB 


Note: 1. These four terms are shared with D/T1. 


Terms In 
D/T1 D/T2 Output Configuration 


ise [arciock 
POnfOKi ace 2. ow 
pt [oKrPInt 


po feck 
pt [oke+PINt 


|_S3_| Output Configuration 
|0 [Active Low 
[1 [Active High 


|S4 | Register 1 Type 


xX 0 0] 
X01 | 4 4 | Combinatorial (4 Terms);Q2FB | 
x1 0] 4 40 | Combinatorial (12 Terms);Q2FB | 
p11 1 | a 4 | Combinatorial (8 Terms); D/T2FB | 
(9 1 1] 4 4 | Combinatorial (4 Terms); D/T2FB | 


Note: 1. These four terms are shared with D/T1. 


Clock Option 
| cKMUX | 
| PIN 1 r 
CLOCK cna 
PRODUCT SELECT | 


TERM | 


ee 


D.C. Characteristics 
Symbol Parameter Condition 


Input Load a 
Iu Current Vin = -0.1 V to Voc+1 V 


Output Leakage - 
Survsit VouT = -0.1 V to Vcc+0.1 V 


Com. 
Voc = MAX, ATV2500BL 


Power Supply yin = GND or Voc Ind., Mil. 
f=0 MHz, 


Com. 
Outputs Open ATV2500B 
Ind., Mil. 


Vcc = MAX 


Clocked Power 
Outputs Open ATV2500BL 
Supply Current Vin = GND or Voc 


Output Short 7 
Circuit Current VouT = 0.5 V 


Input Low MIN < Vcc < MAX 


Voc+0.75 


Vin = VIH OF VIL, lo. = 8 mA Com,Ind V 
sical lo. = 6 mA Mil. Vv 
V 


Von | Output High Voc = MIN lOH = -100 pA Vec-0.3 
Voltage lon = -4.0 mA 2.4 V 


Notes: 1. See Icc versus frequency characterization curves. 
2. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 sec. This parameter 
is only sampled and is not 100% tested. See Absolute Maximum Ratings. 
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ATV2500B/BL 


A.C. Waveforms °” A.C. Waveforms” 
Input Pin Clock Product Term Clock 
REGISTER Bits = REGISTER ? adil =m 
CLOCK PIN i ; = = a h ‘ — 
ASYNCHRONOUS bis ASYNCHRONOUS — 
RESET \ i RESET \ " 
5 tAP : tAP 
\/ REGISTERED \/ =a | 
REGISTERED ie * output output Be OUTPUT OUTPUT 


OUTPUTS /\/\ VALID VALID OUTPUTS 
rarearey Er lees = 
Q1/Q2 INTERNAL \V/\/ Q1/Q2 INTERNAL ee 

FEEDBACKS AA VALID FEEDBACKS CX ct) oad VALID 
Notes: 1. Timing measurement reference is 1.5 V Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


Register A.C. Characteristics, Input Pin Clock 


Clock to Output 

Clock to Feedback 

Input Setup Time 

Feedback Setup Time 
RS 


tus |HoldTime 
tes [Clock Period 


External Feedback 1/(tsis + tcos) 
FMAXS | Internal Feedback 1/(tsFs + tcFs) 
No Feedback 1/(tps) 


Asynchronous Reset/Preset Recovery Time 


eymvoi|rermmetee 


twa [HogTime 
twa [Clock Peod SSCS 


External Feedback 1/(tsiA + tcoa) 
FMAXA | Internal Feedback 1/(tsFa + tcFA) 
No Feedback 1/(tps) 


Asynchronous Reset/Preset Recovery Time 


Alingt 


A.C. Waveforms” 
Combinatorial Outputs and Feedback 


INPUTS AND 

tER4 tEA 
COMBINATORIAL a output \/ OUTPUT VV/\ HIGH _2/ /V output 
OUTPUTS KA VALID | VALID KA XA VALID 


cys / LV output 
/\/\ Sik 
tPD3 +++ tpD2 tPD4—--tER2 tEA2 


D/T2 INTERNAL 
FEEDBACKS VALID a VALID 


Notes: 1. Timing measurement reference is 1.5 V Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


REGISTERED 
OUTPUTS 


A.C. Characteristics 


ae ee 
Fiche A ee 
teo1__|InputtoNon-RegisteredOutput, | 12 | 5 | 0 
[toe |FeedbacktoNon-Registered Output || 2 | 5 | 20 |_| 
‘tpos__|InputtoNon-RegisteredFeedback | 7] | tt | 1s 
[tepa__|FeedbacktoNon-Registered Feedback | 7 | 10 | 5 | 
teat |InputtoOutputEnable | 2 | ns | 
ten: _|InputtoOutputDisable | 1 | ns _| 
tea2___|FeedbacktoOutputEnable | 12 |r _| 
tena a a | ns | 
a 


Asynchronous Reset to Registered Feedback 


Input Test Waveforms and Output Test Load 
Measurement Levels R = 167 (200 MIL) 2 


AC < ras , ‘ AC 2.0V 
DRIVING 1.5V MEASUREMENT | " 
LEVELS _ LEVEL | C, = 35 pF 


tr, tk <3 ns (10% to 90%) 
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Preload and Observability of Registered Outputs 


The ATV2S00Bs registers are provided with circuitry to allow 
loading of each register asynchronously with either a high or a 
low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. A Vin level 
on the odd I/O pins will force the appropriate register high; a 
Vix will force it low, independent of the polarity or other con- 
figuration bit settings. 

The PRELOAD state is entered by placing an 10.25 V to 10.75 
V signal on SMP lead 42. When the preload clock SMP lead 23 


PRELOAD 
ENABLE 


PRELOAD 
CLOCK 


REGISTERED 
OUTPUTS 


PRELOAD ENA. | FORCE I/0'S 


Level forced on Q Select Even/ 
Odd VOpinduring Pin 


PRELOAD cycle. State 


Power Up Reset 


The registers in the ATV2S500Bs are designed to reset during 
power up. At a point delayed slightly from Vcc crossing VrsT, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 

3) The signals from which the clock is derived must remain 
stable during tpr. 


PRELOAD DATA 
OUTPUTS DIS. TOVIHORVIL CLOCKED IN 


Even Q1 
state after 


is pulsed high, the data on the I/O pins is placed into the 12 
registers chosen by the Q select and even/odd select pins. 
Register 2 observability mode is entered by placing an 10.25 V 
to 10.75 V signal on pin/lead 2. In this mode, the contents of the 
buried register bank will appear on the associated outputs when 
the OE control signals are active. 


OUTPUT 
VOLTAGE 
REMOVED 


PRELOAD 
DISABLED 


Even Q2 
State after Odd Q1 state Odd Q2 state 


aftercycle after cycle 


POWER 
tPR 


REGISTERED 
OUTPUTS ts 


CLOCK 


AIMEL 1187 


Parameter Description Typ Max Units 
600 1000 


Power-Up Reset Time 


Power-Up Reset Voltage 


Security Fuse Usage 

A single fuse is provided to prevent unauthorized copying of 
ATV2500B fuse patterns. Once programmed, the outputs will 
read programmed during verify. The security fuse should be 
programmed last, as its effect is immediate. 


The security fuse also inhibits Preload and Q2 observability. 


Atmel CMOS PLDs 


The ATV2500Bs utilize an advanced 0.65-micron CMOS 

EPROM technology. This technology’s state of the art features 

are the optimum combination for PLDs: 

® CMOS technology provides high speed, low power, and high 
noise immunity. 

¢ EPROM technology is the most cost effective method for 
producing PLDs - surpassing bipolar fusible link technology 
in low cost, while providing the necessary reprogram- 
mability. 

¢ EPROM reprogrammability, which is 100% tested before 
shipment, provides inherently better programmability and re- 
liability than one-time fusible PLDs. 


Using the ATV2500Bs Many 
Advanced Features 

The ATV2500Bs advanced flexibility packs more usable gates 
into 44 leads than other PLDs. Some of the ATV2500Bs key 
features are: 

© Fully Connected Logic Array - 

Each array input is always available to every product term. This 
makes logic placement a breeze. 

© Selectable D- and T-Type Registers - 

Each ATV2500B flip-flop can be individually configured as ei- 
ther D- or T-type. Using the T-type configuration, JK and SR 
flip-flops are also easily created. These options allow more effi- 
cient product term usage. 

© Buried Combinatorial Feedback - 

Each macrocell’s Q2 register may be bypassed to feed its input 
(D/T2) directly back to the logic array. This provides further 
logic expansion capability without using precious pin resources. 
© Selectable Synchronous/Asynchronous Clocking - 

Each of the ATV2500Bs flip-flops has a dedicated clock prod- 
uct term. This removes the constraint that all registers use the 
same clock. Buried state machines, counters and registers can 
all coexist in one device while running on separate clocks. 
Individual flip-flop clock source selection further allows mixing 
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higher performance pin clocking and flexible product term 
clocking within one design. 
© A Total of 48 Registers - 


The ATV2500B provides two flip-flops per macrocell - a total 
of 48. Each register has its own clock and reset terms, as well as 
its Own sum term. 


© Independent I/O Pin and Feedback Paths - 


Each I/O pin on the ATV2500B has a dedicated input path. 
Each of the 48 registers has its own feedback term into the array 
as well. These features, combined with individual product terms 
for each I/O’s output enable, facilitate true bi-directional I/O 
design. 

* Combinable Sum Terms - 


Each output macrocell’s three sum terms may be combined into 
a single term. This provides a fan in of up to 12 product terms 
per sum term with no speed penalty. 


Programming Software Support 


As with all other Atmel PLDs, several third party PLD develop- 
ment software products and programmers will support the 
ATV2500Bs. Atmel-Abel-4.41, Abel 5.1, CUPL 4.4c, and 
PLDesigner 3.2 software will fully support all ATV2500B fea- 
tures. Also, any software which supports the ATV2500H/L will 
automatically support the same features on the ATV2500B. 
This includes Atmel-Abel-4, Abel 4.0 and above, as well as 
Cupl 3.0 and above. 


Several third party programmers will support the ATV2500B as 
well. Additionally, the ATV2500B may be programmed to per- 
form the ATV2500H/Ls functional subset (no T-type flip-flops, 
pin clocking or D/T2 feedback) using the ATV2500H/L JEDEC 
file. In this case, the ATV2500B becomes a direct replacement 
or speed upgrade for the ATV2500H/L (additional GND and 
Vcc connections are required). 


Erasure Characteristics 


The entire memory array of an ATV2500B is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 uW/cm” intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 
ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm”. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable PLD which will be subjected to continuous fluores- 
cent indoor lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY SUPPLY CURRENT vs. INPUT FREQUENCY 
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NORMALIZED TPD NORMALIZED TPD 
vs. SUPPLY VOLTAGE vs. TEMPERATURE 
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ATV2500B/BL 


ATV2500B-12JC 44J Commercial 
ATV2500B-12KC 44KW (0°C to 70°C) 
44J 


ATV2500B-15JC Commercial 
ATV2500B-15KC 44KW (0°C to 70°C) 
ATV2500B-15JI 44J Industrial 
ATV2500B-15KI 44KW (-40°C to 85°C) 
ATV2500B-15KM 44KW Military 
ATV2500B-15LM 44LW (-55°C to 125°C) 


Ordering Information 


ATV2500B-15KM/883 44KW Military/883C 
ATV2500B-15LM/883 44LW (-55°C to 125°C) 
Class B, Fully Compliant 
ATV2500BL-15JC 44J Commercial 
ATV2500BL-15KC 44KW (0°C to 70°C) 
ATV2500BL-15JI 44J Industrial 
ATV2500BL-15KI 44KW (-40°C to 85°C) 


ATV2500BL-20JC 44J Commercial 
ATV2500BL-20KC 44KW (0°C to 70°C) 
ATV2500BL-20JI 44J Industrial 
ATV2500BL-20KI 44KW (-40°C to 85°C) 


ATV2500BL-20KM 44KW Military 
ATV2500BL-20LM 44LW (-55°C to 125°C) 
ATV2500BL-20KM/883 44KW Military/883C 
ATV2500BL-20LM/883 44LW (-55°C to 125°C) 
Class B, Fully Compliant 


Package Type 


| 44J | 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 
| 44KW | 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


1-161 


AIMEt 


1-162 Pa VSD Ao). ene asmmuammonense: meena caesar aaeaneaemmmmmermce 


TEEN sh rn enim 3 he SOUR GES, 


Features 


e Quarter Power Equivalent of ATV2500B/BL - 80 mA Maximum 
e Low Power ATV2500BQL - 2 mA Standby (Typical) 
e High Performance, High Density Programmable Logic Device 
Maximum 15 ns Pin-to-Pin Delay 
Fully Connected Logic Array With 416 Product Terms 
e Flexible Output Macrocell 
48 Flip-Flops - Two per Macrocell 


72 Sum Terms H 
All Flip-Flops, I/O Pins Feed In Independently H Ig h Speed 
Achieves Over 80% Gate Utilization i H 

e Enhanced Macrocell Configuration Selections High Density 
D- or T-Type Flip-Flops 
Product Term or Direct Input Pin Clocking UV Erasable 
Registered or Combinatorial internal Feedback Pp ro g ramma bl e 


Backward Compatible With ATV2500H/L Software 

Proven and Reliable High Speed UV EPROM Process 
Reprogrammable - Tested 100% for Programmability 
40-Pin Dual-in-Line and 44-Lead Surface Mount Packages 


Logic Device 


Block Diagram 


Advanced 
Information 


(CONTROL LINES) 


PROGRAMMABLE 


24 
OUTPUT 
MACROS 


14 
INPUT 
PINS 


48 
FLIP-FLOPS 


PINS 


Description 

The ATV2500BQs are the highest density PLDs available in a 40-pin package. With their 
fully connected logic array and flexible macrocell structure, high gate utilization is easily 
obtainable. 


The ATV2500BQs are organized around a single universal input bus. All pin and feedback 
terms are always available to every macrocell. Each of the 38 logic pins are array inputs, as 
are the outputs of each flip-flop. (continued) 


Pin Configurations 


IN __| Logic inputs 
CLK/IN Pin Clock and Input 


SMD 


VOO IN CLK/IN 
VO1 GND IN IN — 06 


GND [Ground 


Note: 1. DIP available for -25 
and -30 only 


Yo12 IN GND 019 
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Description (Continued) 

In the ATV2500BQs, four product terms are input to each sum 
term. Furthermore, each macrocell’s three sum terms can be 
combined to provide up to 12 product terms per sum term with 
no performance penalty. Each flip-flop is individually select- 
able to be either D- or T-type, providing further logic compac- 
tion. Also, 24 of the flip-flops may be bypassed to provide inter- 
nal combinatorial feedback to the logic array. 

Product terms provide individual clocks and asynchronous re- 
sets for each flip-flop. The flip-flops may also be individually 
configured to have direct input pin clocking. Each output has its 


D.C. and A.C. Operating Conditions 


Commercial 
0°c - 70°C 


Operating Temperature (Case) 


own enable product term. Eight synchronous preset product 
terms serve local groups of either four or eight flip-flops. Regis- 
ter preload functions are provided to simplify testing. All regis- 
ters automatically reset upon power up. 

The ATV2500BQL is the low power compatible device with 
speeds as fast as 20 ns. The ATV2500BQL consumes only 2mA 
at standby, which provides the optimum low power PLD solu- 
tion with full CMOS output levels. The ATV2500BQL signifi- 
cantly reduces total system power, allowing battery-powered 
operation. 


industrial 
-40°C - 85°C 


Military 
-55°C - 125°C 


5V+ 5% 


Vcc Power Supply 
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Features 


e 3-Volit Operation 
e Wide Vcc Range 
Vcc = 3.0 V to 5.25 V (Commercial) 
Vcc = 3.0 V to 5.5 V (industrial) 
e High Performance, High Density Programmable Logic Device 
Maximum 15 ns Pin-to-Pin Delay 
Fully Connected Logic Array With 416 Product Terms 
e Flexible Output Macrocell 
48 Flip-Flops - Two per Macrocell 


High Speed 


72 Sum T : : 
All Flip-Flops, VO Pins Feed In Independently High Density 
Achieves Over 80% Gate Utilizati 

«: Enhanoad Manioces Conneuaien Sitios UV Erasable 
D- or T-Type Flip-Flops Programmable 


Product Term or Direct Input Pin Clocking 

Registered or Combinatorial Internal Feedback 
Low Power ATLV2500BL - 7.2 mW Stand-By (Typical) at 3.6 V 
Backward Compatible With ATV2500H/L Software 
Proven and Reliable High Speed UV EPROM Process 
Reprogrammable - Tested 100% for Programmability 
44-Lead Surface Mount Packages 


Logic Device 


Advanced 


Block Diagram Information 
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14 
INPUT 
PINS 


COMBINATORIAL PINS 


LOGIC ARRAY 
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Description 


The ATLV2500Bs are the highest density PLDs available in a44-pin package. With their fully 
connected logic array and flexible macrocell structure, high gate utilization is easily 
obtainable. 


The ATLV2500Bs are organized around a single universal input bus. All pin and feedback 
terms are always available to every macrocell. Each of the 38 logic pins are array inputs, as 
are the outputs of each flip-flop. (continued) 


SMD 
Pin Configurations “ie ee 


Logic Inputs 
Pin Clock and Input 
Bidirectional Buffers 
+5 V Supply 
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Description (Continued) 


In the ATLV2500Bs, four product terms are input to each sum 
term. Furthermore, each macrocell’s three sum terms can be 
combined to provide up to 12 product terms per sum term with 
no performance penalty. Each flip-flop is individually select- 
able to be either D- or T-type, providing further logic compac- 
tion. Also, 24 of the flip-flops may be bypassed to provide inter- 
nal combinatorial feedback to the logic array. 

Product terms provide individual clocks and asynchronous re- 
sets for each flip-flop. The flip-flops may also be individually 
configured to have direct input pin clocking. Each output has its 


D.C. and A.C. Operating Conditions 


own enable product term. Eight synchronous preset product 
terms serve local groups of either four or eight flip-flops. Regis- 
ter preload functions are provided to simplify testing. All regis- 
ters automatically reset upon power up. 

The ATLV2500BL is the low voltage compatible device with 
speeds as fast as 20 ns. The ATLV2500BL consumes only 2 mA 
at standby, which provides the optimum low power PLD solu- 
tion with full CMOS output levels. The ATLV2S500BL signifi- 
cantly reduces total system power, allowing battery-powered 


operation. 
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Commercial industrial 
-15, -20 -15, -20 
Operating Temperature (Case) 0°C - 70°C -40°C - 85°C 


Vcc Power Supply 3.0 V to 5.25 V 3.0Vto5.5V 
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Features 


e Advanced Programmable Logic Device - High Gate Utilization 
e Fiexible Interconnect Architecture - Universal Routing 
e Flexible Logic Cells - 128 Flip-Flops and 52 Latches 
e Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
e High Speed - 50 MHz Operation 
e Complete Third Party Software Support 

No Placement, Routing or Layout Software Required 


e P nd Reliable High S CMOS EPROM P : . 
“2000 V ESD Protection —= High Density 
200 mA Latchup Immunit 
e Rigrobratnmable Tested 100% for Programmability UV Erasable 
e Commercial, industrial and Military Temperature Grades Prog ramma bl e 
Block Diagram Logic Device 


" UNIVERSAL Pe 
INPUT — 
REGIONAL 0 
PINS INTERCONNECT PINS 


| 7 24 BURIED CELLS 
(24 FLIP-FLOPS) 


Description 

The Atmel V5000 is an easy to use, high density programmable logic device. Its simple, reg- 
ular architecture translates into increased utilization and high performance. 

The ATV5000 has one programmable combinatorial logic array. This guarantees easy inter- 
connection of and uniform performance from all nodes. "Sum terms", which are easy to use 
groupings of AND-OR gates, provide combinatorial logic blocks. Sum terms can be wire- 
OR’d together to integrate larger logic blocks. To expand the levels of logic, buried sum terms 
feed back into the logic array. The 52 I/O pins can each be driven by a register or a sum term. 
Each I/O pin has an individually enabled input latch. 

All 128 registers are configurable as D- or T-types without using extra logic gates. Individual 
sum terms, asynchronous presets, resets and clocks give each flip-flop added flexibility. A 
direct "clock from pin" option guarantees synchronization and fast clock to output perfor- 
mance. 


Standard, off-the-shelf third-party software tools and programmers support the ATV5000. 
This minimizes start-up investment and improves product support. 


vec GND 
—Ww —|- 'N al wer fw 


Chip Carrier 
Pin Configuration 


IN | Logic and Clock Inputs 


Bidirectional Buffers 
+5 V Supply 
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Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


Temperature Under Bias -55°C to +125°C mum Ratings" may cause permanent damage to the device. 
Storage Temperature -65°C to +150°C eis " toner eny ater onicitions BbG1 thoes eelicbed - 
Voltage on Any Pin with the operational sections of this specification is not implied. 
Respect to Ground -2.0 V to +7.0 V' aon FT a ag Se eee 
Voltage on Input Pins ‘nie 


with Respect to Ground 
During Programming -2.0 V to +14.0 V' 


1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
Programming Voltage with is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 


Respect to Ground -2.0 V to +14.0 V' of less than 20 ng, 
Integrated UV Erase Dose 7258 W.sec/cm* 


Functional Logic Diagram Description Quadrant Functional Logic 


There are 52 identical input/ouput logic cells and 24 identical Diagram ATVS000 
buried logic cells in the ATV5000. Each I/O cell has two flip- 
flops, up to three sum terms, individual clock, reset, and preset 
terms per flip-flop, and one output enable term. Independent of 
output configuration, all flip-flops are always usable, and have 


at least four product term inputs each. 
INPUT/OUTPUT 


Each I/O pin (52 total) signal or its latched version drives the LOGIC CELLS -y VO 


logic array. There is one latch clock per quadrant. (13 TOTAL PINS 
PER QUADRANT) 


The ATV5000 has four identical quadrants (see Figure 2). The 
universal bus routes true and false signals from each of the 52 
/O pins to all four quadrants. Regional buses route each 
quadrant’s flip-flop Q and Q locally. The eight input-only pins 
are available in all four regional buses. 

Each logic cell has a number of "regional" and "universal" prod- REGISTER CLOCKS 
uct terms (see Figure 1). The I/O logic cells contain three sum 
terms, two flip-flops, and an I/O buffer. 

The buried logic cells each contain one flip-flop. In addition, in 
each buried logic cell the sum term can drive the regional bus. 
This allows for logic expansion. 


Serial register preload and observability simplify testing. All 


registers automatically clear at power up. UNIVERGAL BUS REGIONAL 
QUADRANTS ane 
Figure 1 


D.C. and A.C. Operating Range 


ATV5000-25 ATV5000/L-30 ATV5000/L-35 


o°C-70°C 0°C - 70°C 0°C - 70°C 
Operating 


Temperature (Case) -40°C - 85°C -40°C - 85°C -40°C - 85°C 
-55°C - 125°C -55°C - 125°C -55°C - 125°C 


Vcc Power Supply 5V+10% 5V+10% 5 V+ 10% 
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ATV5000 Block Diagram 
REGISTER REGISTER 
CLOCK PIN 2 QUADRANT REGIONAL QUADRANT CLOCK PIN 66 
LATCH ——3 4 y— LATCH 
OR Fal] Peete, proerererheerenineel Ney" CLOCK PIN: 68 
13 VO PINS GH s13 I/O CELLS $ 413 VO CELLS +2 13 VO PINS 
4-15,17.. | i 5 2,53,55-65 
A NS anne a hseeesin IIe 
6 BURIED i 6 BURIED : 
LOGIC CELLS LOGIC CELLS | 
FREGISTER i vccscesereenienericont (Late | UNIVERSAL. 5 bo hibidd mcb hcccescecsemcnisteusencceten i REGISTER 
CLOCK PIN 32 CLOCK PIN 36 
LATCH | | LATCH 
titre Bee —A : | ee | proven t— CLOCK PIN 35 
13 VO PINS CH 13 VO CELLS | ' 13 VO CELLS +{ 13 VO PINS 
18,19,21-3100 ee ee, 38-49,51 
6 BURIED f =6§6 BURIED: CO; 
LOGIC CELLS LOGIC CELLS 
QUADRANT QUADRANT 
2 REGIONAL INPUT PINS REGIONAL 
BUS 1,2,32,34,35, BUS 
36,66,68 
Figure 2 


Quadrant Logic Diagram 
and Description 


The ATV5000 has: four identical quadrants, 52 identical input/ 
output logic cells, and 24 identical buried logic cells. The uni- 
versal bus routes true and false signals from each of the 52 I/O 
pins to all four quadrants. Regional buses route each quadrant’s 
flip-flop Q and Q locally. The eight input-only pins are available 
in every regional bus. 

Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 3). The I/O logic cells (Figures 7, 8, 9) 
contain three sum terms, two flip-flops, and an I/O buffer. Sum 
term B has five product terms - two universal and three regional. 
Sum terms A and C each have four product terms - one universal 
and three regional. Flip-flop Q1 has global asynchronous preset, 
reset, and clock product terms. Flip-flop Q2 has universal asyn- 
chronous reset and clock terms and a regional asynchronous 
preset term. There is one universal product term for the I/O pin 
output enable. 

The buried logic cells (Figure 4) each contain one flip-flop. The 
sum term has one universal product term and four regional prod- 
uct terms for a total of five. The flip-flop has universal asyn- 
chronous preset, reset, and clock terms. In addition, in each bur- 
ied logic cell the sum term can be fed back into the regional bus 
instead of the flip-flop. This allows for logic expansion. 
Regional product terms have as inputs all quadrant flip-flop out- 
puts (or buried flip-flop inputs) and the eight dedicated input 
pins. Universal product terms have the same inputs plus the 52 
I/O pins and their complements. 


Quadrant Clock Pin Assignments 


Quadrant Latch 
Number Clock Pin 


Register 
Clock Pin 


Quadrant Structure 
UNIVERSAL REGIONAL —=UNIVERSAL BUS INPUTS REGISTER 
PRODUCT PRODUCT | - REGIONAL BUS INPUTS CLOCK 
ee coeeaE LATCH 
CLOCK 
> 
—r 13 VO 
< PINS 
p= 
cam 
Le 
i 
Re 
— 
see filers 
LOCK 
UNIVERSAL 16 
BUS TO ALL REGIONAL 
QUADRANTS BUS 
Figure 3 
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Logic Cell Options 


The ATV5000 logic cells contain most of the chip’s logic op- 
tions. The standard logic cell contains two flip-flops, three sum 
terms and three array inputs. The three sum terms can be com- 
bined to provide sum term options of four, five, nine, or 13 prod- 
uct terms. A combinatorial signal or the output of Q1 can be sent 
to the I/O cell. 

The ATV5000 retains the ATV2500’s ability to bury both reg- 
isters in the I/O cell and still output a combinatorial signal (see 
Figure 8). A new feature, unique to the ATV5000, is the ability 
to output Q1 and feedback the combinatorial term directly (see 
Figure 7). This high speed logic expansion term increases the 
devices flexibility and gate utilization. 


Buried Logic Cells 


Each quadrant has six buried logic cells (see Figure 4). Each cell 
contains one sum term with five product terms, a flip-flop, and 
individual preset, clear, and clock terms. A configuration bit se- 
lects either the Q output or the D input for feedback into the 
regional bus. 


Buried Logic 
R 


Cells 
lj 


Figure 4 
Clock Option 
RCKn | 
TO 
—D-hD-BH ee 
CELL 
CLOCK 
PRODUCT | sara 
TERM Lid 
Figure 5 
I/O Pin Logic 


Figure 6 
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Logic Cell with Buried Sum Term and 
Register to I/O Cell 


AR2 


eo 22 Torta 


Figure 7 


Flip-Flop Clock Options 


Each register may be connected to its regional clock to provide 
fast clock-to-output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of four input pins, a unique clock pin for 
each chip quadrant. One product term defines each flip-flop’s 
clock in the "asynchronous" mode. 

In the "synchronous" mode, the regional clock is ANDed with 
the product term. This provides the fast timing of a synchronous 
clock with the local control of the product term. 


/O Pin Latches 


Each I/O pin of the ATV5000 has an input latch which can be 
individually enabled or disabled (see Figure 6). Each chip quad- 
rant has a unique latch clock. When the latch is inactive, pin 
input flows directly into the array. When activated, the latch is 
flow-through when the clock signal is low, and data is captured 
on the clock’s rising edge. 


Flip-Flop Types 

Each flip-flop in the ATV5000 may be configured as either a T- 
or D-type flip-flop. A T-type flip-flop can also easily be config- 
ured into a JK or SR flip-flop. 


PSM GCG 


RRR RrRRRNNE scm 2) 


Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 
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Figure 8 


D.C. Characteristics 

Symbol Parameter Condition 
Input Load Current Vin = -0.1 V to Vec+1 V 
Output Leakage Current Vout = -0.1 V to Vcc+0.1 V 


loc Power Supply Current Vcc=MAX,Vin=GNDor Com. 
ATV5000 Vcc Outputs Open Ind. Mil 


Power Supply Current Voc = MAX, Vin = GND or Com. 
“ ATV5000L Vcc Outputs Open ind MAL 


Clocked Power Supply _—f = 1 MHz, Vcc = MAX Com. 
Current, ATV5000L Only Outputs Open Ind..Mil. 


Output Short Circuit 
Current 


Input Low Voltage 


Vout =0.5 V 


Input High Voltage Voc+0.75 


= 
Output Low Voltage iol' gma Comn,Ind; 6 mA Mil oa 
IOH = -100 pA -0. 

IOH = -4.0 MA 
Note: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 seconds. 
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Output High Voltage 
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1 
A.C. Waveforms “” A.C. Waveforms” 
Input Pin Clock Product Term Clock 
em KC) tt 
REGISTER ws = Bpsd ER Fil ™ 
CLOCK PIN N ia CLOG ; LA 
4 R . 
aN ; aN i. 
=~ tAP U tAP 
REGISTERED V/V output Woutput REGISTERED |X) (curr \ OUTPUT 
OUTPUTS |X) VALID VALID OUTPUTS /\ VALID 
rarebersd Ee arabe see 
INTERNAL V\/ INTERNAL WAV, 
EEENBALIC oe VALID VALID cen aie ( XK vaio) VALID 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


Register A.C. Characteristics, Input Pin Clock 


ATV5000-25 | ATV5000/L-30 | ATV5000/L-35 
Parameter 


Clock to Output 


Clock to Feedback po 8 | oO 
Input Setup Time 6 


Feedback Setup Time") 


tsrs | re 
tus | Hold Time poo fl 
Clock Width ee ee 
ee 
a ee 
ee 


‘tps _| Clock Period 


Fémaxs | Maximum Frequency (1/tps) 


Asynchronous Reset/Preset Recovery Time 
Note: 1. Add 3 ns for Universal Product Terms. 


Register A.C. Characteristics, Product Term Clock 


Input Setup Time” 
Feedback Setup Time!” 


Note: 1. Add 3 ns for Universal Product Terms. 
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A.C. Waveforms “” 


INPUTS AND 
VO PINS 


ee | 
tEA 
HIGH Z/ / V output 
D 


tP 
VAY, AWAY, 
SpHByysronin ee ea ox 
REGISTERED (XX //V output 
/\ 


/\ \\N VALI 
tPD3 tPD2 tPD4 tER2 tEA2 
INTERNAL 
FEEDBACKS VALID - VALID 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


ATV5000-25 | ATV5000/L-30 | ATV5000/L-35 
Parameter ee ee ee 
Input toNon-Registered Output” | 25 | 80 | 88s 


tpoe Feedback to Non-Registered Output") 
teos | Input to Non-Registered Feedback'") 
'tpoa _| Feedback to Non-Registered Feedback") 

taw 

taP 

tAPF 


Input to Output Enable 
Input to Output Disable 
Feedback to Output Enable 


i pe 
0 
i eget AB | 
30 | 
30 | 
8 
[Feedback to Output Disable | 5 

[InputLatchSetupTime | 
ty [InputLatchHoldTime | 
tw |ClockWidth ft 
tp [ClockPeriod | 
[Fwax | MaximumFrequency (itp) | 

|Asynchronous Reset/Preset With | 15 
we Asynchronous Reset/ er 


Preset to Registered Output 


Asynchronous Reset/ 
Preset to Registered Feedback 
Note: 1. Add 3 ns for Universal Product Terms. 


Input Test Waveforms and Output Test Load 
Measurement Levels 5.0V 


— oe AG Ries? OUTPUT 
DRIVING 1.5V MEASUREMENT (SEO Rint) PIN 
LEVELS LEVEL 

0.0V R2=250 CL=50pF 
' (280 MIL.) a 
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tR,tF<Sns (10% to 90% 


A 


Preload and Observability of Registers 


The ATV5000’s registers include circuity to load and unload 
them serially. This feature simplifies testing. Any state can be 
forced into the registers to control test sequencing, and all reg- 
isters may be observed, independent of being buried. A Vim 
level on the Data In pin will force the appropriate register high; 
a Vix will force it low, independent of the polarity or other con- 
figuration bit settings. 

The preload/observe state is entered by placing an 11-V to 14-V 
signal on pin 68 on the JUCC. When the clock (pin 1) is pulsed 
high, data (pin 2) is clocked serially through all registers in the 
device, as in the following table. All register contents are also 


tD 


VH 
PRELOAD 
ISP tHP tWPP | tWPP 
-_ ua 
Pin 65 Pin 65 


tERP 


DATA OUT 6 
Q2 


Preload / Observe Register Scan Order 
Quadrant P 


Power Up Reset 


The registers in the ATV5000 are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 

3) The signals from which the clock is derived must remain sta- 
ble during tpr. 
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OE (COP 
L- tEAP 
Pin\ /Pin Pin Pin 
65 5 4 65 
Qi 


in 
Quadrant 1 Pin 4 5 6 ove 15 17 
pest |e tm th-atate_ = ill st ioe 
(Quadrant 1) Q2 —Q1 —Q2 —Q1 >~B1i7>Q2 —Q1 —~Q2 —-Q1i -s- =6—B12 -+Q2 +Q1 -—> (Quadrant 3) 
(Quadrant 2) Q2 —Q1 >—B113Q2 —Q1 —~Q2 —Qi-— ow B6 —Q2 >—Q1 —Q2 —>Q1 — (Quadrant 4) 
53 55 56 eee 


Quadrant 4 | Pin 52 
(Quadrant 3)—> Q2 —-Q1 >—Q2 —Q1 >—B5 —Q2 —Q1 —Q2 —Q1— ew BO —+Q2 -—Q1 —Dout 


clocked out of the device on Pin 65 in FIFO fashion. If ob- 
servability only is required, data out should be connected back 
to data in. If preload only is required, OE (pin 66) can be held 
high and data out (pin 65) will remain high impedance. 

Any user contemplating the use of register preload/obervability 
is encouraged to contact Atmel’s PLD applications department. 
Note: All register clock terms or pins must be low prior to en- 
tering the preload/observe state, and low prior to leaving the 
preload/observe state. Pin 1 must be low prior to entering the 
preload/observe state. 


tD tPF 


Q2 Qi 


3 
5 
65 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS tS 
tW 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 


Design Flow Diagram 


PARTITION DESIGN 
INTO MANAGABLE PIECES 


RANDOM STATE 
GATES MACHINES 
SCHEMATIC 
EDITOR 
DESIGN DATA BASE 
(ASCII FILE) 


TRANSFER JEDEC FILE 
AND PROGRAM 
HARDWARE TEST 


CORRECT 


SHIP IT! 


ERRORS? ERRORS? 


Operating Modes 


Notes: 1. X can be Vy or Vin. 


A 


TRUTH 
TABLES 
TEXT 
EDITOR 
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Using The ATV5000 


The ATV5000’s simple, regular architecture means that only 
simple logic compilers are required to configure the device. No 
layout or route and place are required. These software tools are 
readily available from companies such as Data I/O Corporation 
(Abel™), Logical Devices (CupI™), and ISDATA (LOGiC™), 
The first step in designing a device as complex as the ATV5000 
is to partition your design into manageable blocks. These blocks 
are then allocated proportionally to each of the four quadrants of 
the ATV5000. Random gates can be described either with bool- 
ean equations (a behavioral description) or with a schematic ed- 
itor. Truth table logic and state machines are best described 
behaviorially and entered with a text editor. The design is then 
combined into one ASCII file, which is then submitted to the 
logic compiler. Compilation, logic reduction, simulation, 
JEDEC file creation and documentation are then completed by 
all of the popular compilers. 


Assignment of signals to pins or buried nodes as well as select- 
ing the various options of the ATV5000 (such as register clocks 
and input latches) can be done manually in the design data base 
file, or an automatic fitter may be used. 


A logic fitter assigns pins and nodes to make best use of the 
features in the ATV5000, and frees the designer from being re- 
quired to learn all of the features of a complex device such as the 
ATV5000. For further information on fitters for the ATV5000, 
contact Atmel’s PLD applications department. 


After correcting any syntax and logic errors discovered by the 
compiler, the JEDEC file is ready to download to an PLD pro- 
grammer. These are available from a number of manufacturers. 
Programmed devices are usually first tested in the programmer 
with your supplied test vectors. The next step is check out your 
"custom chip" in the target system. When this hardware debug 
step is complete, your system is ready to go— all in a matter of 
hours. 


Abel™, Cupl™ and LOGiC™ may be trademarks of others. 


68-Lead LCC Pin 


Vcc VO 
Pin 65 


High Z DouT 


2. Vx = 11.0 V to 14.0 V 


Almet 


ATV5000 PLCC/PGA Pin Assignments 


PLCC PGA 
Name Pin Pin 


PLCC PGA 


Pin Pin Name 


PLCC PGA 


PLCC PGA 


Pin Pin Name Pin Pin Name 


VO 
/O 


28 SL /O 45 Ki11 0 62 A110 /O 
12 C2 /O 29 =«2«KS /O 46 J10 /O 63 Bg /O 


13 C1 /O 30 )=6—«L3 /O 
14 D2 VO 


/O 64 AQ /O 
0 65 B8 /O 


15 D1 /O 32 =—iL4 IN 49 Hi1 0 66 A8 IN 
| 16 E2 GND | 33 KS GND | 50 G10 GND | 67 B87 GND 


1f--"E} VO 34 =L5 IN 


Pin Capacitance (f= 1 MHz, T = 25°C)” 


51 Git /O 


Conditions 


VIN=0V 


Vout =0 V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV5000 fuse patterns. Once programmed, all outputs appear 
programmed during verify. The security fuse should be pro- 
grammed last (after verifying all other programmed bits), as its 
effect is immediate. 


The security fuse also inhibits preload and observability. 
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Erasure Characteristics 


The entire memory array of an ATV5000 is erased after expo- 
sure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure is assured after a minimum of 20 minutes exposure 
using 12,000 ,.W/cm” intensity lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 
ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm”. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable PLD which will be subjected to continuous fluores- 
cent indoor lighting or sunlight. 


ATVSOQUG/.. masemenesnccue tense 
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ee Information 


ATV5000-25JC Commercial 
ATV5000-25KC (0°C to 70°C) 
ATV5000-25UC 68UW 
ATV5000-25kKI 68KW Industrial 
ATV5000-25UI 68UW (-40°C to 85°C) 
ATV5000-25KM 68KW Military 
ATV5000-25UM 68UW (-55°C to 125°C) 
ATV5000-30JC 68J Commercial 
ATV5000-30KC 68KW (0°C to 70°C) 
ATV5000-30UC 68UW 
ATV5000-30KI 68KW Industrial 
ATV5000-30UI 68UW (-40°C to 85°C) 
ATV5000-30KM 68KW Military 
ATV5000-30UM 68UW (-55°C to 125°C) 
ATV5000-30KM/883 68KW Military/883C 
ATV5000-30UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 
ATV5000-35JC 68J Commercial 
ATV5000-35KC 68KW (0°C to 70°C) 
ATV5000-35UC 68UW 
ATV5000-35kKI 68KW Industrial 
ATV5000-35UI 68UW (-40°C to 85°C) 
ATV5000-35KM 68KW Military 
ATV5000-35UM 68UW (-55°C to 125°C) 
ATV5000-35KM/883 68KW Military/883C 
ATV5000-35UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 
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Ordering Information 


68J 


ATV5000L-30JC Commercial 


ATV5000L-30KC 68KW (0°C to 70°C) 
ATV5000L-30UC 68UW 


ATV5000L-35JC 68J Commercial 
ATV5000L-35KC 68KW (0°C to 70°C) 
ATV5000L-35UC 68UW 


ATV5000L-35KI 68KW Industrial 
ATV5000L-35UI 68UW (-40°C to 85°C) 
ATV5000L-35KM 68KW Military 
ATV5000L-35UM 68UW (-55°C to 125°C) 
ATV5000L-35KM/883 68KW Military/883C 
ATV5000L-35UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 


| 68) | G8 Lead, Plastic U-Leaded Chip Carer OTP (PLCC) 
| seKW | 68 Lead, Windowed, Ceramic Leaded Chip Carrier LCC) 
| sauw | 68Pin, Windowed, Ceramic PinGridAray(PGA) 
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Features 


e Advanced Programmable Logic Device - High Gate Utilization 
e Pin-Compatible with Atmel’s ATV5000 
e Flexible interconnect Architecture - Similar to ATV5000 with More 
Emphasis on Universal Routing 
Flexible Logic Cells - 128 Flip-Flops and 52 Latches 
Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
High Speed - 50 MHz Operation 
Complete Third Party Software Support i i 
No Placement, Routing or Layout Software Required High Density 
e Proven and Reliable High Speed CMOS EPROM Process UV Erasable 


2000 V ESD Protection 
200 mA Latchup Immunity Prog rammable 
¢ Commercial, Industrial and Military Temperature Grades Logic Device 


e Reprogrammable - Tested 100% for Programmability 


Block Diagram 


‘ UNIVERSAL so 
52 LOGIC CELLS 
INS REGIONAL V0 
INTERCONNECT PINS 


——P>! (104 FLIP-FLOPS) 
_ 24 BURIED CELLS 
—P! (24 FLIP-FLOPS) 


Description 

The Atmel V5100 is an easy to use, high density programmable logic device. Its simple, reg- 
ular architecture translates into increased utilization and high performance. Additional univer- 
sal routing simplifies design fitting. 

The ATV5100 has one programmable combinatorial logic array. This guarantees easy inter- 
connection of and uniform performance from all nodes. "Sum terms", which are easy to use 
groupings of AND-OR gates, provide combinatorial logic blocks. Sum terms can be wire- 
OR’d together to integrate larger logic blocks. To expand the levels of logic, buried sum terms 


continued on next page 


vcc GND 


Chip Carrier pe soem |] pie 
Pin Configuration 


Logic and Clock Inputs 
Pins 2,32,36,66 | Input/Register Clocks 1-4 


5 —__d__., 
——3-— 


7] 
Zz 


Pins 1,34,35,68 | Input/Latch Clocks 1-4 
/O Bidirectional Buffers 
Vcc +5 V Supply 


o 


—5_ 85. 


-— vO — IN |“ WN | L__ yo — 
GND vcc 
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Description (Continued) 


feed back into the logic array. The 52 I/O pins can each be 
driven by a register or a sum term. Each I/O pin has an individ- 
ually enabled input latch. 


All 128 registers are configurable as D- or T-types without using 
extra logic gates. Individual sum terms, asynchronous presets, 
resets and clocks give each flip-flop added flexibility. A direct 


Absolute Maximum Ratings* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 


Respect to Ground -2.0 V to +7.0 V' 


Voltage on Input Pins 
with Respect to Ground 
During Programming 


-2.0V to +14.0 V’ 


Programming Voltage with 
Respect to Ground 


Integrated UV Erase Dose 


-2.0V to +14.0 V' 
7258 W.-sec/cm* 


Functional Logic Diagram Description 


There are 52 identical input/ouput logic cells and 24 identical 
buried logic cells in the ATV5100. Each I/O cell has two flip- 
flops, up to three sum terms, individual clock, reset, and preset 
terms per flip-flop, and one output enable term. Independent of 
output configuration, all flip-flops are always usable, and have 
at least four product term inputs each. 

Each I/O pin (52 total) signal or its latched version drives the 
logic array. There is one latch clock per quadrant. 

The ATV5100 has four identical quadrants (see Figure 2). The 
universal bus routes true and false signals from each of the 52 
I/O pins to all four quadrants. Regional buses route each 
quadrant’s flip-flop Q and Q locally. The eight input-only pins 
are available in all four regional buses. 

Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 1). The I/O logic cells contain three sum 
terms, two flip-flops, and an I/O buffer. 

The buried logic cells each contain one flip-flop. In addition, in 
each buried logic cell the sum term can drive the regional bus. 
This allows for logic expansion. 

Serial register preload and observability simplify testing. All 
registers automatically clear at power up. 


ATV5100/L 
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"clock from pin" option guarantees synchronization and fast 
clock to output performance. 


Standard, off-the-shelf third-party software tools and program- 
mers support the ATV5100. This minimizes start-up invest- 
ment and improves product support. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+0.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Quadrant Functional Logic 
Diagram ATV5100 


aes 


INPUT/OUTPUT 
LOGIC CELLS ry vO 
(13 TOTAL PINS 
PER QUADRANT) 


REGIONAL INPUTS 
>) a a 
INPUT 
PINS 
REGISTER CLOCKS 
UNIVERS 
[| PRODUCT 7 
[x PROOU 
PRODUCT Pst 
TERMS 


Fmd INPUTS 


BURIED 
LOGIC CELLS 
(6 TOTAL 
PER QUADRANT) 


UNIVERSAL BUS REGIONAL 
TO ALL BUS 
QUADRANTS 
Figure 1 


aeRO RRR Re NORMA 8, 


D.C. and A.C. Operating Range 
ATV5100-25 
0°C - 70°C 
Temperature (Case) : -40°C - 85°C 
-55°C - 125°C 


Mil. 
Vcc Power Supply 5V+10% 


Operating 


ATV5100 Block Diagram 
REGISTER 
CLOCK PIN 2 an ADRANT 
LATCH 
13 VO PINS Gi «13 VO CELLS 
4-15,17 ee a: ee 
6 BURIED 
LOGIC CELLS 
REGISTER icc eccceccceseseseeeeed 
CLOCK PIN 32 
LATCH 
Sabie pea aa A ) | 
13 VO PINS C} 13 I/O CELLS 
18,19,21-31 aac elicnad snare saetameeeaecncaaaeey 
6 BURIED 
LOGIC CELLS 
QUADRANT 
2 REGIONAL INPUT PINS 
BUS 1,2,32,34,35, 
36,66,68 
Figure 2 


ATV5100/L-30 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5V+10% 


ee oo 


RIED 


See ee eres eceeereraewesesesesseesasessed 


ATV5100/L-35 
0°C - 70°C 
-40°C - 85°C 
-55°C - 125°C 
5 V+ 10% 


REGISTER 
CLOCK PIN 66 


13 I/O CELLS HO 13 VO PINS 


2,53,55-65 


6 BURIED 
LOGIC CELLS 
Eee REGISTER 
CLOCK PIN 36 
go _~(LATCH 
ee i CLOCK PIN 35 


13 VO CELLS +2 13 0 PINS 
i 38-40,51 
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Quadrant Logic Diagram 


and Description Ouiadrant Register Latch 


The ATV5100 has: four identical quadrants, 52 identical input/ Number Clock Pin Clock Pin 
output logic cells, and 24 identical buried logic cells. The uni- 
versal bus routes true and false signals from each of the 52 I/O 
pins to all four quadrants. Regional buses route each quadrant’s 
flip-flop Q and Q locally. The eight input-only pins are available 
in every regional bus. 

Each logic cell has a number of "regional" and "universal" prod- 
uct terms. The I/O logic cells contain three sum terms, two flip- 
flops, and an I/O buffer. Sum term B has five product terms - 
three universal and two regional. Sum term A has four product 
terms - two universal and two regional. Sum term C has four 
product terms - three universal and one regional (see next page). 
Flip-flops Q1 and Q2 have universal clock and regional preset 
and reset product terms. There is one regional product term for 
the I/O pin output enable. 


The buried logic cells each contain one flip-flop. The sum term 
has three universal product term and two regional product terms 
for a total of five. The flip-flop has a universal clock product 
term and regional asynchronous preset and reset product terms. 
In addition, each buried logic cell sum term can be fed back into 
the regional bus instead of the flip-flop. This allows for logic 
expansion. 

Regional product terms have as inputs all quadrant flip-flop out- 
puts (or buried flip-flop inputs) and the eight dedicated input 
pins. Universal product terms have the same inputs plus the 52 
I/O pins and their complements. 


— | 


The 
es ia 


Figure 3 
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Logic Cell Options 


The ATV5100 logic cells contain most of the chip’s logic op- 
tions. The standard logic cell contains two flip-flops, three sum 
terms and three array inputs. The three sum terms can be com- 
bined to provide sum term options of four, five, nine, or 13 prod- 
uct terms. A combinatorial signal or the output of Q1 can be sent 
to the I/O cell. 


The ATV5100 retains the ATV2500’s ability to bury both reg- 
isters in the I/O cell and still output a combinatorial signal (see 
Figure 8). A new feature, unique to the ATV5000 and 
ATV5100, is the ability to output Q1 and feedback the combi- 
natorial term directly (see Figure 7). This high speed logic ex- 
pansion term increases the devices flexibility and gate 
utilization. 


Buried Logic Cells 


Each quadrant has six buried logic cells (see Figure 4). Each cell 
contains one sum term with five product terms, a flip-flop, and 
individual preset, clear, and clock terms. A configuration bit se- 
lects either the Q output or the D input for feedback into the 
regional bus. 


Buried Logic Cells 
R e 


i 


R 


Figure 4 
Clock Option 
RCKn | 
TO 
LOGIC 
Pale CELL 
PRODUCT | sevect | 
TERM ~ 
VOPinLogic ves 


Figure 6 
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Logic Cell with Buried Sum Term and 
Register to I/O Cell 


x,aazaCc Cc 
°) 
_ 


Daemaa ys D1/T1 Qi 
ju) s 
CLOCK ee 
OPTION 


Figure 7 


Flip-Flop Clock Options 


Each register may be connected to its regional clock to provide 
fast clock-to-output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of four input pins, a unique clock pin for 
each chip quadrant. One product term defines each flip-flop’s 
clock in the "asynchronous" mode. 


In the "synchronous" mode, the regional clock is ANDed with 


the product term. This provides the fast timing of a synchronous 
clock with the local control of the product term. 


/O Pin Latches 

Each I/O pin of the ATV5100 has an input latch which can be 
individually enabled or disabled (see Figure 6). Each chip quad- 
rant has a unique latch clock. When the latch is inactive, pin 
input flows directly into the array. When activated, the latch is 
flow-through when the clock signal is low, and data is captured 
on the clock’s rising edge. 


Flip-Flop Types 

Each flip-flop in the ATV5100 may be configured as either a T- 
or D-type flip-flop. A T-type flip-flop can also easily be config- 
ured into a JK or SR flip-flop. 
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Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 


ef 
R FROM 
, a= ar 10 

3 CELL 

fa} 


y 
i, 4 
lu) CLOCK vot 
OPTION 


TO 


Recon a“ 
D 


CLOCK 
|U) CK2 —| opTION 


Figure 8 Figure 9 


D.C. Characteristics 


Symbol Parameter Condition 
Iu Input Load Current Vin = -0.1 V to Voc+1 V 
ILO Output Leakage Current VoutT=-0.1 V to Vcc+0.1 V 


Power Supply Current Voc = MAX, Vin = GND or Com. 
ATV5100 Vcc Outputs Open Ind. Mil. 


Power Supply Current Voc = MAX, Vin = GND or Com. 
ATV5100L Vcc Outputs Open ind. Mil. 


Clocked Power Supply _—f = 1 MHz, Vcc = MAX Com. 


lcc2 | Current, ATV5100L Only Outputs Open Ind.,Mil. 


log ipl Short Circuit VouT = 0.5V 


Input Low Voltage ' 0.8 V 


Input High Voltage Vcoc+0.75 V 


VIN = ViH OF VIL, 
Output Low Voltage = ig, = 8 mA Com, Ind; 6 mA Mil. sie ¥ 


lon = -100 V 
VOH Output High Voltage stl sa 
loH = -4.0 MA V 


Note: 1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 seconds. 
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A.C. Waveforms “” A.C. Waveforms” 
Input Pin Clock Product Term Clock 
tS a Cr, a 
tS! ‘SIZ HA 
REGISTER S rece. Aa 


CLOCK PIN tWA 
—d TERM ——, oh 


tHS 
twS 
tPS 
ASYNCHRONOUS —\\\ - ASYNCHRONOUS —\\ a +a 
RESET/PRESE] \ RESET/PRE \ 
, We news we 

REGISTERED VV output Woutput REGISTERED x 
OUTPUTS FY VALID VALID OUTPUTS vALD vALD 

rarest saben 
ea, 0 Co Co, 8) COD ce 


FEEDBACKS ham FEEDBACKS 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


Register A.C. Characteristics, Input Pin Clock 


ATV5100-25 | ATV5100/L-30 | ATV5100/L-35 
Parameter ee ee ee 


Saw oupl 
tors | ClocktoFeedback | 
[Input Setup Time | te 
Feedback Setup Time") ae 
Eo | 
10 
2 


8 


tsFs 
Hold Time 
Clock Width 
Clock Period 


Maximum Frequency (1/APs) a ee | MHz 
tans__| Asynchronous ResetPreset Recovery Time | 20 | 25 | 80s 


Note: 1. Add 3 ns for Universal Product Terms. 


5 


B \s 


S 


Register A.C. Characteristics, Product Term Clock 


Parameter ee ee as ee ae 
toon | ClocktoOuput | ||| 
tora | ClocktoFeedback | 720 | 10127 
[inputSetup Time? ft tot tts 
Feedback Setuptime | | 8s 
HodTime tt 
twa |Clockwigth ets 
tea |ClockPeod | | | 
[Fwaxa |MaximumFrequency(itea) | ao ||| 
[tana___| Asynchronous Reset/Preset Recovery Time | 15 | 20 | 25s 


Note: 1. Add3 ns for Universal Product Terms. 
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(1) 
A.C. Waveforms 
VO PINS 
| 
R1 tEA 
HIGH Z/ /V output 


tE 
\/ \/ 
sorysons as va 
REGISTERED ee [LV output 


/\ \\N VALID 
tPD3 tPD2 tPD4 tER2 tEA2 
INTERNAL VALID VALID 
FEEDBACKS 


Notes: 1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


A.C. Characteristics 


Tarver0025 
Cin Ma 
[Inputto Non Registered ouput” | as 
[FeedbacktoNon Registered Oupa” | _20 
input to Non Registered Feedback” | 20 
[Feedback to Non Registered Feedback” | 5 
[nputto OutputEnable | 
Ce 
[Feedbackio Ouputenabie Sid 
[Feedbackto Output sable «SSC 
: sl 

: ae 
To 


ts Input Latch Setup Time 


Input Latch Hold Time 


r 
ee 
[Maximum Fequenoy(im —~i|——i | 
uw | Asynchronous ResevPreseiwats | 1s | a0 


bee Asynchronous Reset/ 

Preset to Registered Output 
tone Asynchronous Reset/ 

Preset to Registered Feedback 


Note: 1. Add 3 ns for Universal Product Terms. 


Input Test Waveforms and Output Test Load 
Measurement Levels 5.0V 


os 3.0V a R1=450 
DRIVING 1.5V MEASUREMENT (580 MIL.) nin ld 
LEVELS LEVEL 
0.0V R2=250 CL=S0pF 
280 MIL. a 
tk, tF<Sns (10% to 90%) : 
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Preload and Observability of Registers 


The ATV5100’s registers include circuity to load and unload 
them serially. This feature simplifies testing. Any state can be 
forced into the registers to control test sequencing, and all reg- 
isters may be observed, independent of being buried. A Vin 
level on the Data In pin will force the appropriate register high; 
a Vit will force it low, independent of the polarity or other con- 
figuration bit settings. 

The preload/observe state is entered by placing an 11-V to 14-V 
signal on pin 68 on the JUCC. When the clock (pin 1) is pulsed 
high, data (pin 2) is clocked serially through all registers in the 
device, as in the following table. All register contents are also 


tD 
VH 
PRELOAD 
iSP tHP tWPP | tWPP 
Pin 65 Pin 65 
tERP 


DATA OUT 


Preload / Observe Register Scan Order 
Quadrant Pin 


Power Up Reset 


The registers in the ATV5100 are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 

This feature is critical for state machine initialization. However, 
due to the asynchronous nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 

1) The Vcc rise must be monotonic, 

2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 

3) The signals from which the clock is derived must remain sta- 
ble during tpr. 


OE i 
tEAP 
Pin\ /Pin Pin Pin 
65 X 65 4 65 
ai/ \Q2 


Quadrant 1 Pin 4 5 6 eee 15 17 

— Din ~Q2 —Q1 —>B235Q2 —~Q1 —Q2 —-Q1i = B18 —~Q2 —Q1 ~Q2 —Q1 — (Quadrant 2) 
(Quadrant 1)—> Q2 —>Q1 —~Q2 —Q1 —B17>Q2 —Q1 —Q2 —-Q1- os =6—B12 +Q2 -Q1 — (Quadrant 3) 
(Quadrant 2) Q2 —>Q1 >B113Q2 —Q1 —~Q2 —Qi-— ow B6 —Q2 >Q1 >—Q2 —>Q1 — (Quadrant 4) 
Pin 52 53 55 56 eee 65 

(Quadrant 3) Q2 —>Q1 >—Q2 3=Q1 —B5 —~Q2 —Q1 —Q2 —Q1-— sew 


clocked out of the device on Pin 65 in FIFO fashion. If ob- 
servability only is required, data out should be connected back 
to data in. If preload only is required, OE (pin 66) can be held 
high and data out (pin 65) will remain high impedance. 

Any user contemplating the use of register preload/obervability 
is encouraged to contact Atmel’s PLD applications department. 


Note: All register clock terms or pins must be low prior to en- 
tering the preload/observe state, and low prior to leaving the 
preload/observe state. Pin 1 must be low prior to entering the 
preload/observe state. 


tDmin = 100 ns 
tSPmin = 50 ns 
tHPmin = 50 ns 
tWPPmin = 100 ns 
tPRmin = 1000 ns 
tERPmax = 100 ns 
tEAPmax = 100 ns 


Q2 Q1 tCOPmax = 100 ns 


BO —+Q2 —>Q1 —Dout 


3.8V 
POWER 
tPR 
REGISTERED 
OUTPUTS ts 
tw 
CLOCK 


Parameter Description Min Typ Max Units 


Power-Up 
aa Reset Time 600 1000 ns 
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Design Flow Diagram Using The ATV5100 


The ATV5100’s simple, regular architecture means that only 
PARTITION DESIGN 
INTO MANAGABLE PIECES 


simple logic compilers are required to configure the device. No 
layout or route and place are required. These software tools are 
readily available from companies such as Data I/O Corporation 
(Abel™), Logical Devices (Cupl™), and ISDATA (LOGiC™), 
The first step in designing a device as complex as the ATV5100 
is to partition your design into manageable blocks. These blocks 
are then allocated proportionally to each of the four quadrants of 
the ATV5100. Random gates can be described either with bool- 
ean equations (a behavioral description) or with a schematic ed- 
itor. Truth table logic and state machines are best described 
behaviorially and entered with a text editor. The design is then 
combined into one ASCII file, which is then submitted to the 
logic compiler. Compilation, logic reduction, simulation, 
JEDEC file creation and documentation are then completed by 
all of the popular compilers. 


Assignment of signals to pins or buried nodes as well as select- 
ing the various options of the ATV5100 (such as register clocks 
and input latches) can be done manually in the design data base 
file, or an automatic fitter may be used. 


A logic fitter assigns pins and nodes to make best use of the 
features in the ATV5100, and frees the designer from being re- 
quired to learn all of the features of a complex device such as the 
ATVS5100. For further information on fitters for the ATV5100, 
contact Atmel’s EPLD applications department. 


After correcting any syntax and logic errors discovered by the 
compiler, the JEDEC file is ready to download to an EPLD pro- 
grammer. These are available from a number of manufacturers. 
Programmed devices are usually first tested in the programmer 
with your supplied test vectors. The next step is check out your 


TRANSFER JEDEC FILE 
AND PROGRAM 
HARDWARE TEST upp! 
"custom chip" in the target system. When this hardware debug 
step is complete, your system is ready to go— all in a matter of 


CORRECT hours. 


SHIP IT! 


ERRORS? ERRORS? 


Abel™,CupI™ and LOGiC™ may be trademarks of others. 


Operating Modes 


Vcc ie) 
(3,20 ae /0’s Pin 65 


ADD/DIN 
PGM Verify ADD/Dout 


HighZ 


Preload/Observe | SL DIN 


Notes: 1. X can be Vy or Vo. 2. Vo = 11.0 V to 14.0 V 


1-188 SAUER OD | aetna asaaar aie teen et ea Nn eae: 


te ee 


ATV5100 PLCC/PGA Pin Assignments 


PLCC PGA PLCC PGA PLCC PGA PLCC PGA 
Pin Name Pin Name Pin Pin Name Pin Pin 


15 D1 /O 32 «iL 4 IN 49 H11 VO 66 A8& IN 
| 16 62 GND | 33 KS GND | 50 Gio GND | 67 _B7 GND 


17 ~=E1 V/O 51 G11 V/O 


Conditions 
Vin =0V 
Vout = 0 V 


Note: 1. Typical values for nominal supply voltage. This parameter is only sampled and is not 100% tested. 


Security Fuse Usage Erasure Characteristics 


A single fuse is provided to prevent unauthorized copying of the The entire memory array of an ATV5100 is erased after expo- 

ATV5100 fuse patterns. Once programmed, all outputs appear sure to ultraviolet light at a wavelength of 2537 A. Complete 

programmed during verify. The security fuse should be pro- erasure is assured after a minimum of 20 minutes exposure 

grammed last (after verifying all other programmed bits), as its using 12,000 uW/cm intensity lamps spaced one inch away 

effect is immediate. from the chip. Minimum erase time for lamps at other intensity 

The security fuse also inhibits preload and observability. ratings can be calculated from the minimum integrated erasure 
dose of 15 W-sec/cm*. To prevent unintentional erasure, an 
opaque label is recommended to cover the clear window on any 
UV erasable PLD which will be subjected to continuous fluores- 
cent indoor lighting or sunlight. 
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Ordering Information 


t t 


ATV5100-25JC 
ATV5100-25KC 


68J 


Commercial 


68KW 
ATV5100-25UC 68UW 


ATV5100-25KI 68KW Industrial 

ATV5100-25UI 68UW (-40°C to 85°C) 

ATV5100-25KM 68KW Military 

ATV5100-25UM 68UW (-55°C to 125°C) 
68J 


ATV5100-30JC_ Commercial 
ATV5100-30KC 68KW (0°C to 70°C) 
ATV5100-30UC 68UW 

ATV5100-30KI 68KW Industrial 
ATV5100-30UI 68UW (-40°C to 85°C) 
ATV5100-30KM 68KW Military 
ATV5100-30UM 68UW (-55°C to 125°C) 
ATV5100-30KM/883 Military/883C 


68KW 
ATV5100-30UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 


Commercial 
(0°C to 70°C) 


ATV5100-35JC 68J 

ATV5100-35KC 68KW 

ATV5100-35UC 68UW 

ATV5100-35KI 68KW Industrial 

ATV5100-35UI 68UW (-40°C to 85°C) 

ATV5100-35KM 68KW Military 

ATV5100-35UM 68UW (-55°C to 125°C) 

ATV5100-35KM/883 68KW Military/883C 

ATV5100-35UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 


(0°C to 70°C) 


1-190 AS TS (12 etna assem nce accent 


ATV5100/L 


Operation Range 


Commercial 
(0°C to 70°C) 


Ordering Information 


t f 
68J 


ATV5100L-30JC 
ATV5100L-30KC 68KW 
ATV5100L-30UC 68UW 


ATV5100L-35JC 68J Commercial 
ATV5100L-35KC 68KW (0°C to 70°C) 
ATV5100L-35UC 68UW 

ATV5100L-35KI 68KW Industrial 
ATV5100L-35UI 68UW (-40°C to 85°C) 
ATV5100L-35KM 68KW Military 
ATV5100L-35UM 68UW (-55°C to 125°C) 


ATV5100L-35KM/883 68KW Military/883C 
ATV5100L-35UM/883 68UW Class B, Fully Compliant 
(-55°C to 125°C) 


ees] 6s Lead, Plastic JLoaded Ohip Carier OTP (PLC)——SSSCSSOSCSCS 
eekw | 68 Lead, Windowed, Ceramic J Leaded Chip Carier(JLOG) SSCS 
eauw | 68 Pin, Windowed, Ceramic Pin Grid Aray(PGA) 
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CMOS Programmable Logic Devices (PLDs) a 
Field Programmable Gate Arrays (FPGAs) 2 


Programmable Logic Development Tools 


CMOSGateArrays 


PLD Application Notes 


FPGA & Gate Array Application Notes 


SMD Military Products 


Standard Package Outlines 


Miscellaneous Information 
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Section 2 Field Programmable Gate Arrays (FPGAs) 
AT6000 Series Field Programmable Gate ArrayS..............sssssscssccccessssssssscreceeeceeeeeseeaees 2-3 
AT6000 Series RAO a ciscieachasnaisiannescansdiwienntacisanceauteeaeteniennseeiatiancaxeackateniavsnes 2-19 


2-1 


AIMEL 


i nee mea neem | OOO Sarias 


Features 
e High Performance 
System Speeds to 70 MHz 
Flip-Flop Toggle Rates to 250 MHz 
e Symmetrical Architecture 
Thousands of Registers 
Flexible Busing Network 
Predictable Timing Delays 
e 100% Factory-Tested < 
° Cache Logic™ Design Field 
Complete/Partial In-System Reconfiguration 
No Loss of Data or Machine State Prog rammable 
Adaptive Hardware 
e Very Low Power Consumption Gate Arr ays 
Standby Current of 500 1A 
Typical Operating Current of 50 to 70 mA 
e Programmable Clock Options 
Independently Controlled Column Clocks 
independently Controlled Column Resets 
Clock Skew Less Than 1 ns Across Chip 
e Independently Configurable I/O 
High-I/O Versions for Low-Density Devices 
TTL/CMOS Input Thresholds 
Open Collector/Tri-state Outputs 
Programmable Slew-Rate Controi 
1/0 Drive to 12 mA (Combinable to 48 mA) 
Registered/Direct Inputs and Outputs 


Description 

AT6000 Series Field Programmable Gate Arrays (FPGAs) provide the density and perfor- 
mance of custom gate arrays without the prototyping and debugging delays associated with 
mask-programmed devices. 

Supporting system speeds of up to 70 MHz and using a typical operating current of 50 to 70 
mA, AT6000 Series devices are ideal for high-speed, data-path designs. These FPGAs are 
designed to be reprogrammable, so they reduce design risk, shorten design cycles and speed 
time to market. 

The patented AT6000 Series architecture employs a symmetrical grid of small yet powerful 
cells connected to a flexible busing network. Independently controlled clocks and resets gov- 
ern every column of cells. The array is surrounded by programmable I/O. 

Devices range in size from 2,000 to 10,000 usable gates. Pin locations are consistent through- 
out the Series for easy design migration. High-I/O versions are available for the lower gate 
count devices. 

AT6000 Series FPGAs utilize a reliable 0.8-Lm single-poly, double-metal CMOS process and 


are 100% factory-tested. continued on next page 


AT6000 Series Field Programmable Gate Arrays 


1,024 1,600 3,136 6,400 
32x32 40x40 56x56 80x80 
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Description (Continued) 

Atmel’s PC-based Integrated Development System is used to 
create AT6000 Series designs. Other platforms are in 
development. 


The Atmel architecture was developed to provide the highest 
levels of performance, functional density and design flexibility 
in an FPGA. The cells in the Atmel array are small, very effi- 
cient and contain the most important and most commonly used 
logic and wiring functions. The cell’s small size leads to arrays 
with large numbers of cells, greatly multiplying the functional- 
ity in each cell. A simple, high-speed busing network provides 
fast, efficient communication over medium and long distances. 


The Symmetrical Array 

At the heart of the Atmel architecture is a symmetrical array of 
identical cells (Figure 1). The array is continuous and com- 
pletely uninterrupted from one edge to the other, except for bus 
repeaters spaced every eight cells (Figure 2). 

In addition to logic and storage, cells can also be used as wires 
to connect functions together over short distances and are useful 
for routing in tight spaces. Buses support fast, efficient commu- 
nication over medium and long distances. 


The Busing Network 


There are two kinds of buses: local and express (see Figures 2 
and 3). 


Figure 1. Symmetrical Array Surrounded by I/O 


Local buses are the link between the array of cells and the bus- 
ing network. There are two local buses— North-South 1 and 2 
(NS1 and NS2)— for every column of cells, and two local 
buses— East-West 1 and 2 (EW1 and EW2)— for every row of 
cells. Each local bus is connected to every cell in its column or 
row, thus providing every cell in the array with read/write ac- 
cess to two North-South and two East-West buses. 

Each cell, in addition, provides the ability to route a signal on a 
90° turn between the NS1 bus and EW1 bus and between the 
NS2 bus and EW2 bus. 


Express buses are not connected directly to cells, and thus pro- 
vide higher speeds. They are the fastest way to cover long, 
straight-line distances within the array. 

Each express bus is paired with a local bus, so there are two 
express buses for every column and two express buses for every 
row of cells. 


Connective units, called repeaters, spaced every eight cells, di- 
vide each bus, both local and express, into segments spanning 
eight cells. Repeaters are aligned in rows and columns thereby 
partitioning the array into 8 x 8 sectors of cells. Each repeater is 
associated with a local/express pair, and on each side of the re- 
peater are connections to a local-bus segment and an express- 
bus segment. The repeater can be programmed to provide any 
one of twenty-one connecting functions. These functions are 
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Figure 2. Busing Network 
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Figure 3. Cell-to-Cell and Bus-to-Bus Connections 
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symmetric with respect to both the two repeater sides and the 
two types of buses. 


Among the functions provided are the ability to: 
« Isolate bus segments from one another 

« Connect two local-bus segments 

« Connect two express-bus segments 

« Implement a local/express transfer 


In all of these cases, each connection provides signal regenera- 
tion and is thus uni-directional. For bi-directional connections, 
the basic repeater function for the NS2 and EW2 repeaters is 
augmented with a special programmable connection allowing 
bi-directional communication between local-bus segments. This 
option is primarily used to implement long, tri-state buses. 


The Cell Structure 


The Atmel cell (Figure 4) is simple and small and yet can be 
programmed to perform all the logic and wiring functions 
needed to implement any digital circuit. Its four sides are func- 
tionally identical, so each cell is completely symmetrical. 


Read/write access to the four local buses— NS1, EW1, NS2 and 
EW2— is controlled, in part, by four bi-directional pass gates 
connected directly to the buses. To read a local bus, the pass gate 
for that bus is turned on and the three-input multiplexer is set 
accordingly. To write to a local bus, the pass gate for that bus 
and the pass gate for the associated tri-state driver are both 
turned on. The two-input multiplexer supplying the control sig- 
nal to the drivers permits either: (1) active drive, or (2) dynamic 
tri-stating controlled by the B input. Turning between Lnsi and 
Lewi or between Lns2 and Lew? is accomplished by turning on 
the two associated pass gates. The operations of reading, writing 
and turing are subject to the restriction that each bus can be 
involved in no more than a single operation. 


In addition to the four local-bus connections, a cell receives two 
inputs and provides two outputs to each of its North (N), South 
(S), East (E) and West (W) neighbors. These inputs and outputs 


Figure 4. Cell Structure 
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are divided into two classes: "A" and "B." There is an A input 
and a B input from each neighboring cell and an A output and a 
B output driving all four neighbors. Between cells, an A output 
is always connected to an A input and a B output to a B input. 


Within the cell, the four A inputs and the four B inputs enter two 
separate, independently configurable multiplexers. Cell flexi- 
bility is enhanced by allowing each multiplexer to select also the 
logical constant "1." The two multiplexer outputs enter the two 
upstream AND gates. 

Downstream from these two AND gates are an Exclusive-OR 
(XOR) gate, a register, a downstream AND gate, an inverter and 
two four-input multiplexers producing the A and B outputs. 
These multiplexers are controlled in tandem (unlike the A and B 
input multiplexers) and determine the function of the cell. 


« In State O— corresponding to the "0" inputs of the multiplex- 
ers— the output of the left-hand upstream AND gate is con- 
nected to the cell’s A output, and the output of the right-hand 
upstream AND gate is connected to the cell’s B output. 


- In State 1— corresponding to the "1" inputs of the multiplex- 
ers— the output of the left-hand upstream AND gate is con- 
nected to the cell’s B output, the output of the right-hand up- 
stream AND gate is connected to the cell’s A output. 


« In State 2— corresponding to the "2" inputs of the multiplex- 
ers— the XOR of the outputs from the two upstream AND 
gates is provided to the cell’s A output, while the NAND of 
these two outputs is provided to the cell’s B output. 


« In State 3— corresponding to the "3" inputs of the multiplex- 
ers— the XOR function of State 2 is provided to the D input 
of a D-type flip-flop, the Q output of which is connected to 
the cell’s A output. Clock and asynchronous reset signals are 
supplied externally as described later. The AND of the out- 
puts from the two upstream AND gates is provided to the 
cell’s B output. 


Logic States 


The Atmel cell implements a rich and powerful set of logic 
functions, stemming from 44 cell states. Some states use both A 
and B inputs. Other states are created by selecting the "1" input 
on either or both of the input multiplexers. 


There are 20 purely combinatorial states with a range of func- 
tions, including NOR, AND, NAND, OR and two-input multi- 
plexer (Figure 5a). There are 11 register states ranging from a 
simple register to a register preceded by a two-input multiplexer 
(Figure 5b). Five constant states produce all combinations of 
constant values at the two cell outputs (Figure Sc). There are 
five tri-state states. More complex functions are created by 
using cells in combination. 

A two-input AND feeding an XOR (Figure 6a) is produced 
using a single cell (Figure 6b). A two-to-one multiplexer selects 
the logical constant "0" and feeds it to the right-hand AND gate. 
The AND gate acts as a feed-through, letting the B input pass 
through to the XOR. The three-to-one multiplexer on the right 
side selects the local-bus input, Lns1, and passes it to the left- 
hand AND gate. The A and Lnsi signals are the inputs to the 
AND gate. The output of the AND gate feeds into the XOR, 
producing the logic state (AeL) XOR B. 
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Figure 5a. Combinatorial States 
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Figure 5b. Register States 
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Figure 5c. Constant States 
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Figure 6b. Cell Configuration: (A * L) XOR B 
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Clock Distribution 

Along the top edge of the array is logic for distributing clock 
signals to the D flip-flop in each logic cell (Figure 7). The dis- 
tribution network is organized by column and permits columns 
of cells to be independently clocked. At the head of each column 
is a user-configurable multiplexer providing the clock signal for 
that column. It has four inputs: 


« Global clock supplied through the CLOCK pin 

« Express bus adjacent to the distribution logic 

¢ "A" output of the cell at the head of the column 

« Logical constant "1" to conserve power (no clock) 


Through the global clock, the network provides low-skew dis- 
tribution of an externally supplied clock to any or all the col- 
umns of the array. The global clock pin is also connected di- 
rectly to the array via the A input of the upper left and right 
corner cells (AW on the left, and AN on the right). The express 
bus is useful in distributing a secondary clock to multiple col- 
umns when the global clock line is used as a primary clock. The 
A output of a cell is useful in providing a clock signal to a single 
column. The constant "1" is used to reduce power dissipation in 
columns using no registers. 


Figure 7. Column Clock and Column Reset 


GLOBAL 
CLOCK 


EXPRESS 
BUS 


GLOBAL 
RESET 


GLOBAL 
RESET 


Asynchronous Reset 


Along the bottom edge of the array is logic for asynchronously 
resetting the D flip-flops in the logic cells (Figure 7). Like the 
clock network, the asynchronous reset network is organized by 
column and permits columns to be independently reset. At the 
bottom of each column is a user-configurable multiplexer pro- 
viding the reset signal for that column. It has four inputs: 


- Global asynchronous reset supplied through the RESET pin 
- Express bus adjacent to the distribution logic 

- "A" output of the cell at the foot of the column 

- Logical constant "1"to conserve power 


The asynchronous reset logic uses these four inputs in the same 
way that the clock distribution logic does. Through the global 
asynchronous reset, any or all columns can be reset by an exter- 
nally supplied signal. The global asynchronous reset pin is also 
connected directly to the array via the A input of the lower left 
and right corner cells (AS on the left, and AE on the right). The 
express bus can be used to distribute a secondary reset to multi- 
ple columns when the global reset line is used as a primary reset, 
the A output of a cell can also provide an asynchronous reset 
signal to a single column, and the constant "1" is used by col- 
umns with registers requiring no reset. All registers are reset 
during power-up. 


Input/Output 


The Atmel architecture provides a flexible interface between the 
logic array, the configuration control logic and the I/O pins. 
Two adjacent cells— an "exit" and an "entrance" cell— on the 
perimeter of the logic array are associated with each I/O pin. 
There are two types of I/Os: A-type (Figure 8a) and B-type (Fig- 
ure 8b). For A-type I/Os, the edge-facing A output of an exit cell 
is connected to an output driver, and the edge-facing A input of 
the adjacent entrance cell is connected to an input buffer. The 
output of the output driver and the input of the input buffer are 
connected to a common pin. 


B-type I/Os are the same as A-type I/Os, but use the B inputs 
and outputs of their respective entrance and exit cells. A- and 
B-type I/Os alternate around the array. 

Control of the I/O logic is provided by user-configurable mem- 
ory bits. 


TTL/CMOS Inputs 


A user-configurable bit determining the threshold level— TTL 
or CMOS— of the input buffer. 


Open Collector/Tri-state Outputs 


A user-configurable bit which enables or disables the active 
pull-up of the output device. 


Slew Rate Control 


A user-configurable bit which controls the slew rate— fast or 
slow— of the output buffer. A slow slew rate, which reduces 
noise and ground bounce, is recommended for outputs that are 
not speed-critical. Fast and slow slew rates have the same DC- 
current sinking capabilities, but the rate at which each allows the 
Output devices to reach full drive differs. 
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Pull-up 


A user-configurable bit controlling the pull-up transistor in the 
I/O pin. It’s primary function is to provide a logical "1" to un- 
used input pins. When on, it is roughly equivalent to a 25K re- 
sistor to Vcc. 


Enable Select 


User-configurable bits determining the output-enable for the 
output driver. The output driver can be static, always on, always 
off, or dynamically controlled by a signal generated in the array. 
Four options are available from the array: (1) the control is low 
and always driving; (2) the control is high and never driving; (3) 
the control is connected to a vertical local bus associated with 
the output cell; and (4) the control is connected to a horizontal 
local bus associated with the output cell. The power-up default 
is never driving. 

In addition to the functionality provided by the I/O logic, the 
entrance and exit cells provide the ability to register both inputs 
and outputs. Also, these perimeter cells (unlike interior cells) 
are connected directly to express buses: the edge-facing A and 
B outputs of the entrance cell are connected to express buses, as 
are the edge-facing A and B inputs of the exit cell. These buses 
are perpendicular to the edge, and provide a rapid means of 
bringing I/O signals to and from the array interior and the oppo- 
site edge of the chip. 


Figure 8a. A-Type I/O Logic 
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Chip Configuration 

The Integrated Development System generates the SRAM bit 
pattern required to configure a AT6000 Series device. A PC par- 
allel port, microprocessor or EPROM can be used to download 
configuration patterns. 

Users select from several configuration modes. Many factors, 
including board area, configuration speed and the number of de- 
signs implemented in parallel can influence the user’s final 
choice. 


Configuration is controlled by dedicated configuration pins and 
dual-function pins that double as I/O pins when the device is in 
operation. The number of dual-function pins required for each 
mode varies. 


The devices can be partially reconfigured while in operation. 
Portions of the device not being modified remain operational 
during configuration. Simultaneous configuration of more than 
one device is also possible. Full configuration takes as little as a 
millisecond, partial configuration is even faster. 

Refer to the Pin Function Description section following for a 
brief summary of the pins used in configuration. For more infor- 
mation about configuration, refer to the AT6000 Series Config- 
uration data sheet. 


Figure 8b. B-Type I/O Logic 
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Pin Function Description 

This section provides abbreviated descriptions of the various 
AT6000 Series pins. For more complete descriptions, refer to 
the AT6000 Series Configuration data sheet. 


Pinout tables for the AT6002 and AT6005 devices follow. 


Power Pins 


Voc, Vpp, GND, Vss 

Vcc and GND are the I/O supply pins, Vpp and Vss are the 
internal logic supply pins. Vcc and Vpp should be tied to the 
same trace on the printed circuit board. GND and Vss should be 
tied to the same trace on the printed circuit board. 


Input/Output Pins 


All I/O pins can be used in the same way (refer to the I/O section 
of the architecture description). Some I/O pins are dual-function 
pins used during configuration of the array. When not being 
used for configuration, dual-function I/Os are fully functional as 
normal I/O pins. On initial power-up, all I/Os are configured as 
TTL inputs with a pull-up. 


Dedicated Timing and Control Pins 


CON 

Configuration in process pin. After power-up, CON remains 
low until power-up initialization is complete. CON is an open 
collector signal. After power-up initialization, forcing CON low 
begins the configuration process. 


cs 
Configuration enable pin. All configuration pins are ignored if 


CS is high. CS must be held low throughout the configuration 
process. CS is a TTL-type input pin. 


Mo, M1, M2 


Configuration mode pins used to determine the configuration 
mode. All three are TTL-type input pins. 


CCLK 


Configuration clock pin. CCLK is an input or an output depend- 
ing on the configuration mode selected. It is an output in two 
modes. The output modes support configuration using the few- 
est external components. In either of these modes, the configu- 
ration time will vary from part to part depending on clock speed. 
CCLK is a TTL-type input in modes that use it as an input and 
a CMOS-type output in those modes that use it as an output. 
When not in use, CCLK is set low. 


CLOCK 


External logic source used to drive the internal global clock line. 
Registers toggle on the rising edge of CLOCK. The CLOCK 
signal is neither used nor affected by the configuration modes. 
It is always a TTL input. 


RESET 


Array register asynchronous reset. RESET drives the internal 
global reset. The RESET signal is neither used nor affected by 
the configuration modes. It is always a TTL input. 


Dual-Function Pins 


When CON is high, dual-function I/O pins act as device I/Os; 
when CON is low, dual-function pins are used as configuration 
control or data signals as determined by the configuration 
modes. Care must be taken when using these pins to ensure that 
configuration activity does not interfere with other circuitry as- 
sociated with the pin’s net. 


DO or VO 


Serial configuration modes use DO as the serial data input pin. 
Parallel configuration modes use D0 as the least-significant bit. 
Input data must meet setup and hold requirements with respect 
to the rising edge of CCLK. 


D1 to D7 or VO 


Parallel configuration modes use these pins as inputs. Serial 
configuration modes do not use them. Data must meet setup and 
hold requirements with respect to the rising edge of CCLK. 


CEN or /O 


During address count-up/down configuration, CEN is an output. 
CEN can be used as the output enable of a parallel EPROM. In 
this case, it should be configured as a constant high, and not 
used as a configurable I/O pin. CEN is only available on the 
AT6005 device. 


AO to A16 or /O 

During address count-up/down configuration, these pins are 
Outputs and act as the address pins for a parallel EPROM. 
A0A16 eliminate the need for an external address counter if the 
user wishes to use an inexpensive parallel EPROM to program 
a device. Addresses change after the rising edge of the CCLK 
signal. 

CSOUT or VO 


When cascading devices, CSOUT is an output used to configure 
other devices. CSOUT should be connected to the CS input of 
the downstream device. The CLOUT function is optional and 
can be disabled during initial programming when cascading is 
not used. When cascading devices, CSOUT should be dedicated 
to configuration and not used as a configurable I/O. 
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CHECK or I/O 


During configuration, CHECK is an input that can be used to 
enable the data check function at the beginning of a configura- 
tion cycle. No data is written to the device while CHECK is low. 
Instead, the configuration file being applied to DO-D7 is com- 
pared with the current contents of the internal configuration 
RAM. If a mismatch is detected between the data being loaded 
and the data already in the RAM, the ERR pin goes low. The 
CHECK function is optional and can be disabled during initial 


programming. 


ERR or /O 


During configuration, ERR is an output. When the CHECK 
function is activated and a mismatch is detected between the 
current configuration data stream and the data already loaded in 
the configuration RAM, ERR goes low. The ERR output is a 
registered signal. Once a mismatch is found, the signal is set and 
is only reset after the configuration cycle is complete. ERR is 
also asserted for configuration file errors. The ERR function is 
optional and can be disabled during initial programming. 
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AT6002 Pinout Assignment "") 


84-Pin PLCC 

- 641/0 « 4VCC 

« 8 Fixed-Function * 4GND 

¢ 28 Dual-Function « 2 VDD 
- 2 VSS 


84-Pin 100-Pin 132-Pin 


PLCC TQFP PQFP 
CLOCK 
A14 or /O a a 
VCC 4 91 4 
( en 2 
Ai2orvO__i| 6 93 7 
At1orvO_ 7 95 9 
A10 or I/O 8 96 12 
: 97 13 
9 98 14 
wo ft 8 | 
A8 or I/O 10 99 16 
IMO ——s| 4 100 17 
A7 or I/O 
A6 or I/O 
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100-Pin TQFP 

- 80/0 « 4VCC 

« 8 Fixed-Function « 4GND 

¢ 28 Dual-Function « 2 VDD 
« 2VSS 


84-Pin 100-Pin 132-Pin 
PLCC  TQFP  PQFP 
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1. * Indicates unconnected package pin. 


132-Pin PQFP 

- 961/0 * 4VCC 

« §8 Fixed-Function « 8GND 

¢ 28 Dual-Function * 2VDD 
« 2 VSS 


Pin Name 84-Pin 100-Pin 132-Pin 


PLCC  TQFP PQFP 
vo | * 54  89| 
wo | * * | 
a a: 56 92 
’ 57 93 
ee a eee 1 
GND ss || — 60—S—CSS—_—_—_s8 
VO _—«| = 68 ——s 62 _—_— gg 
WO | S65 —— 4 __—s401'| 
68 67 ‘104 
WO. | * 10851 
69 68 «106 
VO : 69 ‘107 
2 a ee 7 
GND] ®t 10 
71 71 111 
‘ 72-112 
(et) 
M2 | HS 1B 
Mi | SG __S*A'| 
76 77___—‘118 
es es eee ee 
vO. | S77 78 120 
a ee 
vO | tO 128 | 
a a re ee 
vo | — 8082186 | 
WO. ST 8887 
81 84-128 
2 i eee) 
GND —s| 82510 
84 87-132 
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AT6005 Pinout Assignment (1) 


84-Pin PLCC 100-Pin TaFP 7) 132-Pin PQFP 144-Pin PQFP 
- 641/0 «- 4VCC - 801/0 - 4VCC - 1081/0 +- 4VCC - 1081/0 - 4VCC 
« 8Fixed- - 4GND - 8Fixed- - 4GND « 8Fixed- +- 8GND - S8Fixed- +« 8GND 
Function . 2 VDD Function . 29 VDD Function . 2 ypD Function . 2 ypp 
* 29Dual- . 2vSs - 29Dual- . 2VSS * 29Dual- . 2vss - 29Dual- . 2s 
Function Function Function Function 
84- 100- 132- 144- 84- 100- 132- 144- 84- 100- 132- 144- 
Pin Pin Pin Pin | |Pin Name Pin Pin Pin — Pin| |Pin Name Pin Pin Pin — Pin 
PLCC TQFP PQFP TOFP PLCC TQFP PQFP TOFP PLCC TQOFP PQFP TOFP 
Ti Pe ee ee * 54 89 ~~ 79 
DiorvO | 30 23 47 32! 
3 vo ptt 48 83] |v ' ‘91 Bt 
NA we 
Te) * 57 9383 
CCLK | 3255 
‘94.8814 GND] 60S 59s 
a a 61 60 97 87 
Poot 10 186} WO FEOUdT Ct 53 ~~ 40 VO 62. 61 98 88 
: CSOUTorvO | 35 28544 ‘ ‘ * 89 
wo FCO] Ct SS 2} OCCCdLCS SRS __—8O | 
* 97 WO S| 6463100 ~S—so8 
vO __—«[ 65 ~—64 +101 ~—«92 
oa 
38 32 60 47| IVCC 68 67 104 95 
‘336148 : * 10596 
ee ee ee 
wo FCT tS CSO * 69 107 98 
GND] 4085451] VO -F— | = 70 S70 108 ~—s99 
6 or VO v0 | 41 36652 | 
pot 83| GND ®t 10 “101 | 
ASorvVO | 
WO | * 72 112 103 
WO | 7278143104 
WO: | te. 108 | 
AZorVO NCCU 108 
VO vO 47 42 +71 #259|/ WoO | 73 74 115 107 
: ‘72 ~60| |(M2.-——isd| 74 75116 —_—*108| 
WO] 48S 43781 (M1 CL 5 6 117 10 
vo | * 44 74 62 
WO | 40 4S 75 8] INO te to 
Ta ele 76. 64) WOes ts * 899 112 | 
GND | * * 77 _65| vo --——s{| 77 S78 120118 
WoO FS] 50 BS WVOCC“‘L]NSCS*®S OO 424444 
wo _—-{| _* 47 +79 67|/Wwo | 78 79 122 115) 
WOO] 80128816 
a * 81 69/Wo | 79 81 124 117. 
‘ : * 7o} wo | *  * 125 (148 | 
wo «| 52, 49 271] WO] = 80S 82126 119 
ReSeT =| 53 50 83 72|voO | * 83 127 120 
wos] 54 518K 73] WOT 8S 81281 
wo FCT tS HT WOCCC‘L]UNCSS®’:— <=s* —100——*122 
GND ss] — 8285 —130_—*123| 
vo | 55 52 86  76| vO 83 86 131 124 
a 4 SF 77 | WE | aa 
56 53 88 _78| |Ai6or/O_ _| 84 87 132 126 


Notes: 1. * Indicates unconnected package pin. 
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2. Contact Atmel for availability. 
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A.C. Timing Characteristics 
Delays are based on fixed load. Loads for each type of device are described in the notes. Delays are in nanoseconds. 
Worst case: Vcc = 4.75 V to 5.25 V. Temperature = 0°C to 70°C. 
Cell Function Parameter From 
tpp (max) ) A, B, L 
NAND 


x< 
ii 
D 


> 
Oo 


N tpp (max) A, B,L 


MUX 


D-Flip-Flop ‘) 
D-Flip-Flop (°) thold (min) CLK A,B, L 0.0 0.0 ns 


D-Flip-Flop tpp (max) CLK A 1 2.0 3.0 ns 
Bus Driver tpp (max) A L 2 2.6 4.0 ns 


Lf L. 2 2.1 3.0 ns 
Column Clock 
Colurnn Reset 
Clock Butter © 
Reset Butter ©) 
TTL input 
CMOS Input 
Fast Output © 
Output Disable ©) 
Fast Enable ©®) 


Slow Enable ®°) | tpzx (max) V/O PIN 6 12.5 ns 
Device Cell Types Outputs -2Icc (max) -4Icc (max) 
Cell © Wire, XWire, Half-Adder, Flip-Flop A,B 4.5 wA/MHz 7 pA/MHz 
Wire, XWire, Half-Adder, Flip-Flop, Repeater L 2.5 WA/MHz 4 pA/MHz 
Column Clock ) | Column Clock Driver CLK 40 pA/MHz — 60 pA/MHz 
Notes: Load Definition: 
1. TTL buffer delays are measured from a Vin of 1.5 V at the pad 1. Load of one A or B input 
to the internal Vy at A. The input buffer load is constant. 2. Load of one L input 
2. CMOS buffer delays are measured from a Vy of 1/2 Vcc at the 3. Constant Load 
pad to the internal Vi at A. The input buffer load is constant. 4. Load of 28 Clock Columns 
3. Buffer delay is to a pad Vy of 1.5 V with one output switching. 5. Load of 28 Reset Columns 
4. Max specifications are the average of max tppLH and tppHL. 6. Tester Load of 50 pF 
5. Parameter based on characterization and simulation; not tested 


in production. 
6. Exact power calculation is available in an Atmel application 
note. 
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Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings” may cause permanent damage to the device. 
Supply Voltage (Vcc) WotR +0 ¥ This is a stress rating only and functional operation of the de- 
DC Input Voltage (Vin) -0.5 Vto VCC +0.5V vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
DC Output Voltage (Von) -0.5Vto VCC +0.5V Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 
Storage Temperature Range 
-65°C to +150°C 


Power Dissipation (PD) 1500 mW 


Lead Temperature (TL) 
(Soldering, 10 SOC.) .........ccecssseeececcsssereeessseeees 260°C 


ESD (Rzap=1.5K, Czap=100 pF) 2000 V 


D.C. and A.C. Operating Range 


AT6002-2/4 


AT6005-2/4 
Com 


0°C - 70°C 55°C - 125°C 
Input Voltage Level High (Vie) 
(TTL) Low (VILT) 0V-0.8V 0V-0.8V 0V-0.8V 

Input Voltage Level High (Vike) 
Sod Low (Vic) 
50 ns (max) 50 ns (max) 50 ns (max) 
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D.C. Characteristics 


Symbol Parameter Conditions 
70% Vcc Vcc 
High-Level Input Voltage Commercial - 
20% Vcc 
0.8 


Low-Level Input Voltage Commercial 
High-Level Output a loH = -4 mA, Vcc min 
Voltage IOH = -12 mA, Vcc min 


V 
V 
lot = -4 mA, Vcc min V 
lot = -12 mA, Vcc min V 


Low-Level Output Voltage Commercial 


High-Level Tristate 
Output Leakage Current © YO= Voc (max) pA 
Low-Level Tristate Without Pull-Up, Vo = Vss pA 


Output Leakage Current With Pull-Up, Vo = Vss -500 pA 
High-Level Input Current VIN = Voc (max) pA 


Without Pull-Up, Vin = Vss pA 
With Pull-Up, Vin = Vss pA 
loc Power Consumption Without Internal Oscillator (Standby) pA 
CIN Input Capacitance All Pins 


Low-Level Input Current 


Device Timing: During Operation 


input Yee >. —>h—>h oO 
° =e —_ 
tpLz ai 
OUTUT 
: = ie | am . 
OUTPUT tPLH it ee 
(except pins) — Vin 
LS 
a eed 
tWH tWe 


Cache Logic™ is a trademark of Atmel Corporation. 
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AT6000 Series 


Ordering Information 


Usable Speed 
Ordering Cod i 
Grade (ns) — 


AT6002-2AC 100A Commercial 
AT6002-2JC (0°C to 70°C) 
AT6002-2QC 


AT6002-4AC 
AT6002-4JC 
AT6002-4QC 


AT6002-4Al Industrial 
AT6002-4JI 84J (-40°C to 85°C) 
AT6002-4QI 


Usable Speed 
Ordering Code Package i 
Gates Grade (ns) 


Commercial 
(0°C to 70°C) 


AT6005-2AC Commercial 
AT6005A-2AC (0°C to 70°C) 
AT6005-2JC 


AT6005-2QC 


AT6005-4AC Commercial 
AT6005A-4AC (0°C to 70°C) 
AT6005-4JUC 
AT6005-4QC 


AT6005-4Al 
AT6005A-4Al 
AT6005-4JI 
AT6005-4QI 


Industrial 
(-40°C to 85°C) 


Package Type 
100 Lead, Very Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (VQFP) 
144 Lead, Thin (1.4 mm) Plastic Gull Wing Quad Flat Package (TQFP) 


| 84) —_—|_ 84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


132 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 
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AT6000 Series Configuration 


Configuration is the process of loading a de- 
sign into a AT6000 Series field programma- 
ble gate array (FPGA). AT6000 Series de- 
vices are SRAM-based, and can be config- 
ured any number of times. The entire device 
or select portions of a design can be config- 
ured. Sections of the device can be config- 
ured while others continue to operate undis- 
turbed. 


Configuration data is transferred to the de- 
vice in one of seven modes. Full configura- 
tion takes only milliseconds. Partial config- 
uration takes even less— it is a function of 
design density. 


Configuration is controlled by dedicated 
configuration pins and dual-function pins 
that double as I/O pins when the device is 
operating. Three pins, MO, M1 and M2 de- 
termine the configuration mode (Table 1). 
The number of dual-function pins required 
for each mode varies (Table 2). 


One of the modes is automatically initiated 
after power-up reboot; the others are initi- 
ated by the user. Configuration data can 
come from a variety of external logic 
sources, including a PC parallel port, micro- 
processor or EPROM. 


The user determines the configuration mode 
for loading the bit pattern into the device. 
The Integrated Development System gener- 
ates the SRAM bit pattern required to con- 
figure a AT6000 Series FPGA. Many factors 
can influence the user’s choice of configura- 


Field 
Programmable 
Gate Array 


tion mode, including device size, board 
space, required configuration speed, number 
of devices to be configured, and design size. 


This application note suggests guidelines for 
device configuration and describes each of 
the configuration modes in detail. 


A basic understanding of the device archi- 
tecture, as described in the AT6000 Series 
data sheet, is assumed. 


Features 


Variety of Formats 

* PC Parallel Port 
Microprocessor 

* Serial/Parallel EPROM 


Configuration Windows 
* Full or Partial Reconfiguration 
*  Bit-Stream Compression Algorithm 


Reprogrammable 


* Download Configuration any Number of 
Times 


* Reconfigure In-System Down to Cell 
Level 


Fast 
* Full Configuration: 1-8 Milliseconds 
* Partial Configuration: 0.2 ptseconds/Cell 


2-19 


AIMEt 


Table 1. AT6000 Series Configuration Modes 


Mode Description 
Configuration Reset 
Address Count-Up, External CCLK 
Address Count-Down, External CCLK 
Bit-Sequential, External CCLK 
Bit-Sequential, Internal CCLK 
Address Count-Up, Internal CCLK 
Byte-Sequential, External CCLK 
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Configuration Modes 

Powering up a AT6000 Series FPGA is a three-step process. 
When power is first applied, the device enters an initialization 
state that takes about 8 milliseconds and resets the SRAM to all 
zeros. Cells in the array become cross wires with no A or B 
inputs selected, all bus drivers are switched off, repeaters are 
disabled, I/Os are set as TTL inputs with the pull-up enabled, 
column clocks are set to “0,” and column resets are set to “1.” 


After initialization, the device enters the configuration state and 
writes to the memory bits that control cell functionality and in- 
terconnection. 


Seven configuration modes are available: 


Mode 0: Configuration Reset 

Mode 1: Address Count-Up, External CCLK 
Mode 2: Address Count-Down, External CCLK 
Mode 3: Bit-Sequential, External CCLK 

Mode 4: Bit Sequential, Internal CCLK 

Mode 5: Address Count-Up, Internal CCLK 
Mode 6: Byte-Sequential, External CCLK 


Mode 0 is not a true configuration mode because it does not 
load a design into the FPGA. Instead, mode 0 initiates the 
reboot sequence and clears the device, preparing it for configu- 
ration or reconfiguration. 


Modes 1, 2 and 5 generate external address outputs so the user 
can conveniently access sequential data from a standard parallel 
EPROM. The generated output addresses bear no relation to the 
internal addresses of the FPGA’s configuration SRAM, they 
simply count up or down with each CCLK edge to create a se- 
quential byte stream. Mode 6 is similar to modes 1, 2 and 5 but 
assumes a system-generated bit stream and does not generate 
external address outputs. Modes 3 and 4 use a serial bit stream 
received from the system, an industry-standard EPROM or the 
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MO Application 
Clearing the Device 
Fast Configuration; Parallel EPROM 
Fast Configuration; Parallel EPROM 
Serial Communication Port to UART 
Serial EPROM; Auto Configuration 
Parallel EPROM 

Parallel Port of Microprocessor 
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download cable provided with the Integrated Development Sys- 
tem. The data in each byte is serialized with the least-signifi- 
cant-bit supplied first. Mode 4 can be initiated automatically by 
the FPGA. 


Modes 3 and 4 will typically be the most popular configuration 
modes because they require the fewest pins and receive data 
from small foot-print serial EPROMs that take up little board 
space. 


Pins used for Configuration 

AT6000 Series FPGAs have three kinds of pins: dedicated I/O 
pins, dedicated configuration pins, and dual-function pins 
which act as I/O during operation but are used for various con- 
trol signals during configuration. (For more on device pins refer 
to the AT6000 Series data sheet.) 


Dedicated Configuration Pins 
There are six signals dedicated to programming: MO, M1, M2, 
CCLK, CON and CS. 


Mo, M1, M2 

The mode pins are inputs that determine the configuration mode 
to be used. Table 1 (front page) lists the states for each config- 
uration mode. MO, M1 and M2 can be fixed in modes 1 through 
6 and ignored. Mode 0, configuration reset, can be initiated by 
asynchronously driving MO, M1 and M2 low, then returning 
them to the proper mode selection value. 


CCLK 

CCLK is the configuration clock signal. It is an input or an out- 
put depending on the mode of operation. In modes 1, 2, 3 and 6 
it is an input, in modes 4 and 5 it is an output with a typical 
frequency of 1 MHz. In all modes, the rising edge of the CCLK 
signal is used to sample inputs and change outputs. 
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Table 2. Dual-Function Pin Usage 
N = Not used, R = Required, O = Optional 


Minimum Optional 
Dual- Dual- 
Function Function 
Pins Pins 


A0-16 DO 
Outputs Input 


Mode 


CON 

CON isa bidirectional open-collector pin that provides the con- 
figuration control and status signal. Configuration starts on the 
first CCLK edge when CON is driven and held low. Configura- 
tion continues until CON is pulled high by a pull-up or by the 
configuration system. CON is driven low by the device until 
configuration is complete. The device moves to the operation 
state on the first CCLK edge after CON is high. 


cS 

CS is the configuration chip select pin. CS must be low for con- 
figuration to occur. Pulling CS high during configuration does 
not stop the process, but the pin should be held low throughout 
configuration. CS can be used to cascade devices (see Figures 9 
and 14) and create an addressed, multiple-device programming 
system (see Figure 15). 


Dual-Function Pins 

Dual-function pins are programming pins during configuration 
and I/O pins during operation. The number of dual-function 
pins used during configuration varies from mode to mode. 
Some dual-function pins act as configuration status pins and are 
optional regardless of mode. The optional pins are most useful 
when cascading devices to program multiple FPGAs from a sin- 
gle data source. Table 2 lists the dual-function pins used with 
each mode. 


DO-D7 
DO-D7 are data input pins. Parallel modes 1, 2, 5 and 6 use all 
eight data inputs, serial modes 3 and 4 use only one, DO. 


A0-A16 
AO-A16 are address output signals, used by modes 1, 2 and 5, 
to drive an EPROM or other external addressed-memory 
device. 


Inputs 


CSOUT 
Output 


CHECK ERR 
Output Output 


D1-7 CEN 
Output 


CSOUT __ 
CSOUT drives CS of the next device in a configuration chain. 


CHECK 
CHECK is an input that enables an internal SRAM checking 
feature. 


ERR 

ERR is an output that switches low when an error is detected. It 
is used with the CHECK function, or when protocol errors 
occur during configuration. 


CHECK and ERR work together to perform simple and ad- 
vanced diagnostic tests. For example, they can be used to verify 
the accuracy of a configuration run. With the CHECK pin low, 
download the configuration file a second time. The device sys- 
tematically compares the data values in the configuration file 
with the data already programmed into the device’s SRAM. If a 
mismatch is found the ERR pin switches and remains low until 
the end of the configuration cycle. 


Pin Status 

The status of dual-function pins is determined by the device 
state. All I/Os are disabled during initialization. To move from 
the initialization state to configuration, the CON and CS pins 
are driven low. During configuration, the dual-function pins 
used by the selected mode are converted to inputs and outputs 
as required. To move from the configuration state to operation, 
the configuration file must be loaded completely and either 
CON or CS must be high. During operation, the I/O pins behave 
according to the specified design. 
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Control Register 

The Integrated Development System generates the bit-stream 
file used to configure the FPGA. In addition to the actual data 
to be loaded into the SRAM, the bit stream loads a control reg- 
ister containing eight bits used to control various configuration 
sequence parameters (Figure 1). 


Figure 1. Control Register 


BO 

BO controls the value of the device’s memory address counter 
after each configuration sequence. The default resets the value, 
so subsequent configuration sequences load the configuration 
file from the same address. In modes 1 and 5, the default ad- 
dress is 0000, in mode 2 it is 1FFFF. When BO is set, the mem- 
ory address counter retains its last value, so the user can store 
multiple designs sequentially in an EPROM. 


B1 

B1 controls loading of a jump address into the device’s memory 
address counter. The default ignores any jump addresses. With 
B1 set, the memory address counter jumps to the specified ad- 
dress. Using B1, configuration files can be stored as a continu- 
Ous stream or as a pointer-based list. 


B2 

B2 controls operation of the dual-function pins CSOUT and 
CEN. When B2 is set, these two pins are disabled. This is useful 
when a minimum pin-count configuration is desired. 


B3 

B3 controls the operation of the dual-function pins ERR and 
CHECK. When B3 is set, both pins are disabled. This is useful 
when a minimum pin-count configuration is desired, or when 
design security is a concern. 


Figure 2. Global Clock Signal During Operation 


‘GLOBALCLOCK 0 0 
GLOBALCLOCK 1 0 
GLOBALCLOCK 0 1 
GLOBALCLOCK 1 1 


B4 

B4 controls the writing of configuration data after the initializa- 
tion state. When B4 is set, configuration data can not be written 
into the device by subsequent configuration cycles. B4 can only 
be reset by rebooting the device. 


B5 and B6 
BS and B6 control the operation of the global clock signal re- 
ceived through the CLOCK pin: 


B6 Global Clock Operation 
Normal operation. 


Stops after third rising edge of 
CLOCK after CON is low. Continues 
after second rising edge of CLOCK 
after CON is high. 


Stops after fourth rising edge of 


CLOCK after CON is high. Each 
configuration cycle thereafter, it 
receives one pulse after the third 
rising edge of CLOCK after CON is 
low. 


Stops at second rising edge of 
CLOCK after CON is high. Remains 
stopped regardless of CON. 


Figure 2 shows the waveforms associated with each combina- 
tion. BS and B6 are not available on the AT6005 device. 


B7 
B7 controls static power consumption. When B7 is set, the in- 
ternal oscillator used for auto configuration in modes 4 and 5 is 
disabled. On the AT6005, this function is performed by setting 
B4. 
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Configuration State Machine 

Configuration is executed by a synchronous state machine that 
controls the flow of configuration data into the FPGA 
(Figure 3). The state machine is clocked by CCLK whether the 
signal is externally supplied or generated internally. On each 
CCLK cycle a different byte or bit of the configuration file is 
loaded into the state machine. 


Data flow is controlled by the external input signals MO, M1, 
M2, CON, CS, CHECK, DO0-D7 and the values in the configu- 
ration control register. The state machine generates all the inter- 
nal control signals as well as the AO-A16 output signals, ERR 
output, and CSOUT signal. Data is loaded into the device in a 
stream format and has no absolute address. 


The process starts on power-up or when a mode 0 reset is ap- 
plied. The reboot phase lasts for approximately 8000 internal 
clock cycles while all the internal SRAM cells are written to a 
“0" value. During reboot the mode pins are sampled and the 
configuration-clock output starts. 


Mode 4 supports automatic configuration. During reboot, the 
CCLK pin is enabled for output. After reboot, mode 4 releases 
the CON pin, allowing it to be pulled high, and then drives it 
low again to begin a configuration cycle automatically. 


In the modes 1,2,3 and 6, CCLK remains an input but is ignored 
until the reboot process is complete. After reboot, the other 
modes release CON and allow it to float high. Control of the 
state machine is then transferred from the internal clock to the 
CCLK input signal. The device remains in idle until the CON 
pin is driven low. . 


Driving CON low puts the device in the preamble check loop, a 
synchronizing procedure for both parallel and serial configura- 
tion modes. Configuration is dependent on the sequence of data, 
and the preamble specifies the first byte of the data stream. In 
modes 3 and 4, the preamble also defines the byte boundary of 
serial data, which may be parallel before being processed by the 
state machine. 


The first error test is done during the preamble check. If a read 
or write protect bit appears in the control register of the pream- 
ble, the ERR pin goes low and the device goes directly to the 
done state. 


After the preamble check, the state machine loads the configu- 
ration control register and drives and holds the CON signal low 
until configuration is complete. Loading the configuration con- 
trol register puts the next byte in the stream file into the control 
register, which controls features and variations in the configu- 
ration process. 


The state machine then loads the next three bytes into a tempo- 
rary register used to parallel-load the external address counter. 
This action is similar to a microprocessor “jump” command. 
The address bytes are loaded in all modes, but the jump can only 
be used by modes 1, 2 and 5. 


The next byte in the stream file indicates the number of data 
strings, or segments. A single file can have 0 to 255 segments. 
The byte is loaded into a counter which is decremented at the 
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Figure 3. Configuration State Machine 
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end of each data string until the it reaches zero and configura- 
tion is complete. 


If the register count is not zero, the state machine loads a null 
byte. If the B1 bit of the control register is equal to one the first 
time the state machine enters the null state, the external address 
is loaded. The byte loaded, while in the null state, is not used. If 
the segment count is zero the state machine goes to the check 
State. 


The data segment loop consists of the null byte, two bytes 
which load the internal pointer start address, two bytes which 
load the internal pointer end address, and enough data bytes to 
equal the difference between the end points. The state machine 
loops, loading data and incrementing the address counter, until 
the internal address pointer equals the end address pointer. Then 
it checks the segment counter. If more segments are to be 
loaded, the machine returns to the null state and the data seg- 
ment loop is executed again. If the segment counter is zero, the 
state machine goes to the check state. If an invalid value is en- 
countered for the internal start or end address, the ERR signal 
switches low and the state machine moves directly to the done 
State. 


In the check state, the next byte in the stream file is examined. 
When a single device is being configured this byte is a postam- 
ble and the state machine moves to the done state. When de- 
vices are cascaded together for multiple configurations, this 
byte is a preamble for the next configuration file. The state ma- 
chine transfers the data to the downstream device and monitors 
the downstream bit stream data to determine the next check for 
a preamble byte. If the state machine encounters a byte that isn’t 
a preamble or a postamble, the ERR signal switches low and the 
state machine enters the done state. 


The done state releases the CON pin and loops until CON goes 
high and the device enters the idle state. In modes 1, 2, 5 and 6, 
the device enters the idle state three CCLK edges after CON is 
high. In modes 3 and 4, it takes twenty-four CCLK edges for the 
device to reach idle. The CCLK signal must therefore continue 
after the postamble until the device reaches the idle state. 


Partial Configuration 

Figure 4 gives the bit stream file used to configure a hypotheti- 
cal device that has a 6 x 6 array of cells lined with four I/O on 
each side. Configuration begins with the bottom left cell, num- 
ber 0, and ends with the upper right cell, number 35. Then the 
I/O cells are configured, beginning at number 36 and proceed- 
ing clockwise to number 51. 


By placing windows in the bit stream file, it is possible to con- 
figure only a portion of the array. Figure 5 gives the bit stream 
file used to configure the lower right portion of the array and 
I/Os 45, 46 and 47— the program leaves darkened cells un- 
touched. 


On line six the program states that there are four segments of 
data to configure. The start address is the left-most cell in the 
bottom row to be configured, number 9, and the end address is 
the right-most cell in the row, number 11. Four bytes of data are 
used to load the cell between the two points, number 10. The 
next segment configures the row above. Notice that the cells 
between the first segment end address and the second segment 
Start address are omitted. The data in these cells is left un- 
touched— only the cell being programmed on a given clock 
cycle is changed. The other cells function as if in their normal 
operational mode. This means a portion of the array can be con- 
figured while the rest of the array remains operational. 


Configuration Compression 

A configuration compression algorithm, included in the Inte- 
grated Development System, uses windowing to compress the 
configuration file. On power-up, all cells in the FPGA are pro- 
grammed to be logical zeros. Unused cells in a design remain 
zeros, so they do not need to be configured. The compression 
algorithm skips unused cells and can reduce file size by up tp 
80%. This in turn reduces configuration time and memory stor- 
age requirements. It even makes designs less susceptible to re- 
verse engineering, due to the random start and end array ad- 
dresses in the compressed bit stream. For more information 
about the configuration compression algorithm, refer to the 
FPGA application notes. 
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Figure 4, Full Configuration Example Figure 5. Partial Configuration Example 
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Full Configuration Partial Configuration 
10110010 ; preamble 10110010 ; preamble 
00000000 ; control register 00000000 ; control register 
00000000 ; external address msb 00000000 ; external address msb 
00000000 ; 00000000 ; 
00000000 ; external address lsb 00000000 ; external address lsb 
11111110 ; number of window segments 11111011 ; number of window segments 
00000000 ; null 00000000 ; null 
00000000 ; start address 00000000 ; start address segment 1 
00000000 ; 00001001 ; 
00000000 ; end address 00000000 ; end address 
00110011 ; 00010011 ; 
00000000 ; data 00001001 ; data 
00000001 00001010 
00000010 00001011 
00000011 00000000 +; null 
00000100 00000000 ; start address segment 2 
00001111 ; 
‘ 00000000 ; end address 
00110010 00010001 ; 
00110011 00001111 ; data 
01001101 ; postamble 00010001 
00010001 
00000000 ; null 
00000000 ; start address segment 4 
00101101 ; 
00000000 ; end address 
00101111 ; 
00101101 ; data 
00101110 
00101111 
01001101 ; postamble 
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Configuration Modes 
This section gives setup requirements and usage guidelines for 
each configuration mode. 


Mode 0: Configuration Reset 
Internal 


Dedicated Configuration CON, CS, MO, M1, 
Pins Used M2, CCLK 


Dual-Function Pins Used None 


Configuration Data Source 


Optional Dual-Function Pins None 


Mode 0 initiates the reboot sequence— it is equivalent to turn- 
ing power to the device off and on again. Mode 0 overrides any 
other configuration sequences and cannot be stopped. In 
AT6000 devices, mode 0 is enabled by asserting CS, CON, MO, 
M1 and M2 low during the rising edge of CCLK. Reboot starts 
asynchronously when these pins are asserted low. 


Mode 1: Address Count-Up, External CCLK 
Parallel EPROM 


Dedicated Configuration Pins | CON, CS, MO, M1, 
Used M2, CCLK 


Dual-Function Pins Used DO-D7, A0-A16 


ERR, CHECK, 
CSOUT, CEN 


Configuration Data Source 


Optional Dual-Function Pins 


Mode 1 (Figure 6) does not automatically generate a CON sig- 
nal after the power-up boot sequence. The user supplies a con- 
figuration clock to CCLK. Configuration is initiated by driving 
CON low. 


If the FPGA is sharing a large EPROM with a microprocessor, 
the addresses used must start from the opposite end of the 
EPROM address map so that configuration does not interfere 
with the microprocessor, and vice versa. In mode 1, the external 
address counter starts at 00000 and counts up (see mode 2 
description). 


Using a maximum clock rate of 10 MHz, mode 1 can configure 
a single device in under 1 millisecond. Cascading devices limits 
the parallel data rate to 800 kHz. 


Figure 6. Mode 1 Configuration 


PARALLEL 
EPROM 


Mode 2: Address Count-Down, External CCLK 


Configuration Data Parallel EPROM 


Source 


Dedicated Configuration 
Pins Used 


CON, CS, MO, M1, M2, 
CCLK 


DO-D7, A0O-A16 


Optional Dual-Function ERR, CHECK, CSOUT, 
Pins CEN 


Dual-Function Pins Used 


Mode 2 (Figure 7) does not automatically generate a CON sig- 
nal after the power-up boot sequence. The user supplies a con- 
figuration clock to CCLK. Configuration is initiated by driving 
CON low. 


A typical microprocessor uses the highest or lowest address to 
load its own reboot address vector. If the FPGA is sharing a 
large EPROM with a microprocessor, the addresses used must 
Start from the opposite end of the EPROM address map so that 
configuration does not interfere with the microprocessor, and 
vice versa. In mode 2, the external address counter starts at 
1FFFF and counts down (see mode 1 description). 


Using a maximum clock rate of 10 MHz, mode 2 can configure 
a single device in under one millisecond. Cascading devices 
limits the parallel data rate to 800 kHz. 


Figure 7. Mode 2 Configuration 
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Mode 3: Bit-Sequential, External CCLK 


Configuration Data Serial EPROM, Serial 
Source Comm. Port, UART, 
Download Cable 


Dedicated Configuration | CON, CS, MO, M1, M2, 


Pins Used CCLK 
Dual-Function Pins Used DO 


Optional Dual-Function ERR, CHECK, CSOUT 
Pins 


Figure 8. Mode 3 Configuration 


SERIAL 
DATA SOURCE 


DATA 


«| clock 


etc laas 


Figure 9. Mode 3 Cascade 


CONNECTION TO 
NEXT DEVICE 


Mode 3 (Figure 8) does not automatically generate a CON sig- 
nal after the power-up boot sequence. The user must supply a 
configuration clock to CCLK. Configuration is initiated by 
driving CON low. 


As long as data setup and hold requirements are satisfied, 
CCLK pulses can have arbitrary periods. This is helpful when 
using asynchronous communication ports or UARTs for con- 
figuration. If CCLK is stopped entirely between configurations, 
allow 24 preceding and trailing clock pulses with respect to 
CON going low or high (refer to the AC timing table in the 
AT6000 Series data sheet). 


Depending on the speed of the user-supplied clock, mode 3 con- 
figuration can take as little as 8 milliseconds. 


Mode 3 can be used to configure multiple devices cascaded to- 
gether (Figure 9). The first device in the cascade chain must use 
either Mode 3 or Mode 4. If the configuration file contains a 
second preamble instead of a postamble (see the configuration- 
file format section), then the first device in the chain drives 
CSOUT low enabling the next device in the chain to receive 
configuration data from the serial data source. Configuration 
for downstream devices proceeds in a similar manner with 
“chip select” (CS) propagating through the chain. 


Mode 3 is used when configuring with the download cable pro- 
vided in the Integrated Development System. 


REBOOT 


SERIAL 
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Mode 4: Bit-Sequential, Internal CCLK 
Serial EPROM 


Dedicated Contiguration Pins CON, CS, MO, M1, 
Used M2, CCLK 


Dual-Function Pins Used DO 
Optional Dual-Function Pins 


Configuration Data Source 


ERR, CHECK, 


Mode 5: Address Count-Up, Internal CCLK 
Configuration Data Source Parallel EPROM 


Dedicated Configuration Pins CON, CS, MO, M1, 
Used M2, CCLK 


Dual-Function Pins Used D0-D7, A0-A16 


Optional Dual-Function Pins ERR, CHECK, 


CSOUT 


Mode 4 (Figure 10) asserts the CON pin low during the power- 
up boot sequence. CON is released for one CCLK period after 
initialization to reset the serial EPROM. CON is then automat- 
ically re-asserted low and an internal oscillator toggles CCLK. 
This causes the EPROM to begin downloading configuration 
data. One bit of data is loaded from the DO pin on each rising 
edge of CCLK until configuration is complete. CON is then re- 
leased, indicating the device is ready to use. Configuration time 
varies depending on the speed of the internal oscillator, but typ- 
ically takes about 80 milliseconds. 


The power supply ramp-up rate is critical in mode 4. The device 
generates a reset pulse 8 milliseconds after the supply voltage 
crosses the VTrRiP level (Figure 11). The supply voltage must be 
at the minimum for the serial EPROM before the FPGA gener- 
ates its reset pulse. Otherwise, the EPROM’s operation may be 
sporadic. 


Figure 10. Mode 4 Configuration 


CSOUT, CEN 


Mode 5 (Figure 12) does not automatically generate a CON sig- 
nal after the power-up boot sequence. Configuration is initiated 
by driving CON low. An internal oscillator toggles CCLK. This 
causes the FPGA to generate addresses A0-A16, beginning at 0, 
to read a configuration file from a parallel EPROM. One byte of 
configuration data is loaded from the D0O-D7 pins on each rising 
edge of CCLK until configuration is complete. CON is then re- 
leased, indicating the device is ready to use. Configuration time 
varies depending on the speed of the oscillator, but typically 
takes 8 milliseconds. 


Only 13 address bits are required to fully program a single de- 
vice; the four extra addresses allow multiple device configura- 
tion and the let the device share memory space with other com- 
ponents of a system. 


Figure 12. Mode 5 Configuration 


Minimum voltage for EPROM operation 
Minimum FPGA supply voltage to initiate reboot 
Minimum reboot cycle time 


tvR Minimum rise time of power supply from Vtrip to 
Vcc min. 
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Mode 6: Byte-Sequential, External CCLK 


Configuration Data Source 


Dedicated Configuration Pins 
Used 


Dual-Function Pins Used 
Optional Dual-Function Pins 


Figure 13. Mode 6 Configuration 


CONNECTION TO 
NEXT DEVICE 


Parallel port of 
microprocessor 


CON, CS, MO, M1, 
M2, CCLK 


D0-D7 


ERR, CHECK, 
CSOUT 


Mode 6 (Figure 13) loads data in 8-bit words to decrease con- 
figuration time. It does not use the address pins; each byte in the 
data stream is setup and held with respect to the rising edge of 
CCLK. 


Mode 6 may be used in a configuration chain (Figure 14) or 
with the parallel port of a microprocessor or system bus, and 
may be best for a “smart system” in which the user intends to 
reconfigure the FPGA as a regular part of system operation. 
More than one device can be configured by tying all the data 
buses together and connecting the CON pins. The CS pin can 
then be used to select individual devices for configuration 


(Figure 15). 


PARALLEL 
EPROM 
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Configuration Timing Parameters 
These AC parameters are based on the timing diagrams that follow. 


Parameter Description Min Typ Max Units 


AT6002: modes 1,2,3,5,6 


AT6002: mode 4 
tWCON CON high pulse width. Measured in CCLK clock cycles 
in modes 1, 2, 3 and 6. 
tPCON CON high pulse width. Measured in CCLK clock cycles 
in modes 4 and 5. 
Delay from power-up or mode 0 to unused I/Os being 
tri-stated. Measured from the rising edge of CCLK. 
Delay time from CCLK to change in ERR. ERR will 
typically be high, and only go low if there is an error 30 


during confiugration or a mismatch during the check 
function. 


Setup time from MO, M1, M2, CS and CON to rising 
edge of CCLK to initiate configuration or reboot. 


Hold time for CS and CON from rising edge of CCLK 9 
with preamble data present. Valid in modes 1, 2, 5 and 6. 


Hold time for CS and CON from rising edge of CCLK 
with the least-significant-bit of the preamble present. 16 cyc 
Valid in modes 3 and 4. 


tHCD Hold time for configuration data with respect to rising 
edge of CCLK. 
tscD Setup time for configuration data with respect to rising 10 - 
edge of CCLK. 
tCFG Delay from rising edge of CCLK to change in I/O pin 
direction, as required when moving between the 50 ns 
configuration and operation states. 
Delay from CCLK rising edge to external address 35 os 
change. 
tCONH Delay from rising edge of CCLK to CON release. Delay 35 na 
measured with 2.7k pull-up resistor on CON. 
ftsc Setup time for MO, M1, M2 and CCLK to CON high. 10 cyc 
Supply voltage at which FPGA initiates reboot. 2.8 4.75 V 


Delay from entry into mode 
0 or Power on (Vcc > Vsth 
min) to CON released. 


ns 


cyc 
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Table 3. CCLK Parameters 


tCCLKL tPCCLK 
Mode(s) Condition Min Min Typ Max 


Without Cascade, without CHECK 
With Cascade, without CHECK 


Without Cascade, with CHECK 

With Cascade, with CHECK 

CCLK is Output 800 ns 1200 ns 
Without CHECK 

With CHECK 
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Reboot Cycle 
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Reboot Cycle (Continued) 
Mode 4 
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fe . 
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2. AT6005 device. 
Mode 5 
taoor” 
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fe AF 
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A ltooixy \¢ +> tocoik 
CCLK 


I/Os 
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Notes: 1. Occurs asynchronously in the AT6002 device. 
2. AT6005 device. 
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Beginning of Configuration 


Modes 1, 2, 5 and 6 


M2, M1, MO 1,2,50r6 


tociKH [> tpocLk — tociki 

CCLK -L on 

tcra 
poxs® ——— Bt Sodtodoc 
ia 

coor [SEY OOGOS 
tcra 
eC 

aR \ 


Notes: 1. Measured with respect to the edge of CCLK, which clocks in the preamble. 
2. A0-A16 not used in mode 6. 


Modes 3 and 4 


M2, M1, MO 


a lee 
oS R= | se 


CHECK In 
=f = 


Notes: 1. Preamble LSB. 
2. Preamble MSB. 
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End of Configuration without Cascading 
Modes 1, 2, 5 and 6 
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CON aa. 
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Ji Vl \leUe 


ERR 


Note: 1. AO-A16 not used in mode 6. 


Modes 3 and 4 


tconH 


& 
©) 


Oo 
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4_ 93 CYCLES 


Note: 1. Postamble LSB. 
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End of Configuration with Cascading 


Modes 1, 2, 5 and 6 
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Modes 3 and 4 


ERR 


CSOUT 


Note: 1. Preamble LSB. 
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PLD Software Tools Overview 


Atmel’s philosophy is that you should be 
able to use standard tools you already have 
to design with our programmable logic de- 
vices. For those users that do not currently 
have such a tool, or who wish to augment 
tools they already own, we have Atmel- 
specific versions of standard tools avail- 
able at very reasonable costs. 


With the tools Atmel has available, we can 
serve the needs of beginning users as well 
as more experienced users, Based on the 
background of the user, we can make rec- 
ommendations on the most cost effective 
solution (see Table 1). If you have any 
questions regarding which package is best 
suited to a particular set of needs, please 
contact the Atmel PLD Technical Support 
Hotline at (408) 436-4333. 


General 

Atmel offers versions of standard third- 
party PLD design tools that are limited to 
only Atmel PLD devices at a reduced cost 
compared to the normal versions. These 
systems are based on software licensed 
from Data I/O Corporation and Viewlogic 
Systems, Inc. 


Under the terms of our agreements with 
Data I/O and Viewlogic Systems, Atmel 
may sell these systems and their options 
only to users of these limited systems. If a 
customer already has the full function ver- 


sion from Data I/O and/or Viewlogic Sys- 
tems, they can purchase upgrades or op- 
tions from the original company, not from 
Atmel. 


This document outlines general system 
configurations required to use the various 
systems, details each package including or- 
dering information, and includes a section 
with suggested systems for various types 
of users. 


Required System 


Configurations 

At the present time, all of the PLD systems 
described are available only on PC386/486 
platforms running DOS with the system re- 
quirements indicated in Table 2, Contact 
the Atmel PLD Hotline at (408) 436-4333 
for further information on system configu- 
rations 


Systems 

Atmel offers several levels of systems to 
meet the various needs of our customers. 
The systems are described on the following 
pages, along with a brief description of 
their function. For further information, 
contact your local Atmel sales representa- 
tive or the Atmel PLD Hotline at (408) 
436-4333. 


CMOS PLD 
Development 
Software 
Support 
Overview 
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Table 1. PLD Software System Recommendations 


New PLD User 


PAL-type Device User 


Complex PLD User or 
TTL Designer 


Viewlogic-based 
FPGA User 


Note: 


No prior PLD experience. Wants basic support for 
PAL-type and V-Series devices and is willing to do 
manual pin assignment. 


Knows Abel, Cupl, or PALASM, and is familiar 

with 22V10 design. Wants to move up in density, 
and wants automatic fitting to reduce need to learn 
detailed internals of each device. 


Uses complex PLDs from Altera, AMD, or Lattice. Wants 
state-of-the-art tools for Atmel’s V-Series to take 
advantage of their speed and density. Wants schematic 
capture, simulation, and multiple design entry modes. 
Does not need full timing simulation 


If timing simulation and higher gate capacity is needed ... 


Uses FPGAs from Xilinx, Actel, or others with Viewlogic 
CAE tools for schematic capture and simulation. Wants 
to add capability for Atmel’s V-Series to take advantage 
of their speed and density for control and timing 
applications, at minimum cost. 


If timing simulation and higher gate capacity is needed ... 


Table 2. PLD System Configuration Requirements 


Platform: 


Atmel-Abel “! 
PC386/486 


ATDS1200PC 
(Atmel-Abel) 


ATDS1210PC 
(Atmel-Abel V-Series Kit) 


ATDS1303PC 
(Atmel-ViewPLD 3K Gate 
System. Includes one year of 
maintenance) 


ATDS1320PC 
(Atmel-ViewPLD 20K Gate 
System) 


ATDS1303PCl 
(Atmel-ViewPLD 3K System 
Intermediate Upgrade) 


ATDS1320PCI 
(Atmel-ViewPLD 20K Gate 
System Intermediate 
Upgrade) 


1. For proper ordering codes, consult the Atmel PLD Software Tools Product Description List 


Atmel-ViewPLD 
PC386/486 


Operating System: DOS 3.0 or greater DOS 3.0 or greater 


Display Adaptor: 


System Memory: 


Hard Disk: 


I/O Ports required: 


Mouse: 


Space required: 
Space Recommended: 


CGA, EGA, Hercules, 
VGA or SVGA 


4 Mbytes total 


EGA, Hercules, 
VGA, or SVGA 


6 Mbytes total min. 


12 Mbytes total recommended 


5 Mbytes 
40 Mbytes 


1 parallel 


26 Mbytes 
80 Mbytes 


1 parallel 


1 serial (for mouse) 


not required 


Mouse systems or compatible 
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PLD Software Tools Product Description List 


Atmel-Abel 
Ordering Code: ATDS1200PC 


Basic Abel support for Atmel PAL-type and V-Series devices. 
Does not include any automatic device fitters, which are op- 
tional and priced separately or available in packages called 
Atmel-Abel Kits. Current users of Atmel-Abel-4.0 do not get an 
automatic upgrade to this version. 


Atmel-Abel V-Series Fitters 
Ordering Code: ATDS1205PC 


Automatic ATV750/ATV2500, ATV750B/ATV2S00B, and 
ATV5000/ATV5100 device fitters for Atmel-Abel. Requires 
Atmel-Abel version 4.2 or greater in order to run. 


Atmel-Abel V-Series Kit 
Ordering Code: ATDS1210PC 


A package consisting of Atmel-Abel together with fit- 
ters for the ATV750/ATV2500, ATV750B/ATV2500B, and 
ATV5000/ATV5100. A complete development package for the 
PAL-type devices and the V-Series with fitters, that offers a 
savings to the user over the components purchased separately. 


Atmel-ViewPLD 20K Gate System 
Ordering Code: ATDS1320PC 


A complete stand-alone ViewPLD system with all Abel func- 
tions plus Viewlogic schematic capture, simulation (unit delay 
and timing) as well as modeling and partitioning functions plus 
utilities. Includes all fitters. Price includes one year of mainte- 
nance/updates. Maintenance is optional after the first year. 


Atmel-ViewPLD 3K Gate System 
Ordering Code: ATDS1303PC 


A complete stand-alone ViewPLD system with all Abel func- 
tions plus Viewlogic schematic capture, simulation (unit delay). 
Includes all fitters. Price includes one year of maintenance/up- 
dates. Maintenance is optional after the first year. 


Atmel-ViewPLD Maintenance 
Ordering Code: ATDM1303PC (3K) 
ATDM1320PC (20K) 


One year of updates and maintenance for the ViewPLD soft- 
ware. Maintenance for one year is included with the purchase of 
Atmel-ViewPLD, and it is optional after the first year. Mainte- 
nance is not required for the purchase of an Atmel-ViewPLD 
Intermediate Upgrade, but is available if the user wishes to pur- 
chase their updates from Atmel. 


Atmel-ViewPLD Intermediate Upgrade 
Ordering Code: ATDS1303PCI (3K) 
ATDS1320PCI (20K) 


A ViewPLD system sold as an add-on for users with an existing 
vendor-specific (SDA) Viewlogic seat. Examples of SDA seats 
are Viewlogic front-end systems sold by Xilinx and Actel for 
use with their place-and-route tools. Adds Atmel PLDs to the 
system. Includes all Atmel-Abel files and fitters plus access to 
the appropriate Viewlogic libraries. May not be sold to a user 
with a full Viewlogic seat purchased from Viewlogic. Those 
users must purchase ViewPLD directly from Viewlogic. 
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Ordering Information 


Ordering Code 


ATDS1200PC Atmel-Abel High-Level Design Tool for Atmel Programmable Logic Devices: 
PAL-type Devices, ATV750, ATV750B, ATV2500, ATV2500B, ATV5000, and ATV5100 


ATDS1205PC Atmel-Abel Custom Logic Fitter Package for V-Series CPLDs 
ATDS1210PC Atmel-Abel Kit with all V-Series Fitters 


ATDS1303PC Atmel-ViewPLD 3K Gate System with Functional Simulation for PCs 
(Includes One Year Maintenance) 


ATDS1303PCI Atmel-ViewPLD 3K Gate Intermediate Upgrade System with Functional Simulation 
ATDM1303PC Atmel-ViewPLD 3K Gate System Maintenance (One Year) 
ATDS1320PC 


Atmel-ViewPLD 20K Gate System with Timing Simulation for PCs 
(Includes One Year Maintenance) 


ATDS1320PCI Atmel-ViewPLD 20K Gate Intermediate Upgrade System with Timing Simulation 


ATDM1320PC Atmel-ViewPLD 20K Gate System Maintenance (One Year) 


3-6 | D Overview ssaeseenss cece 


een mmm: § XA 1 S1200PC/1210PC 


Features 


e Atmel-Abel Uses the Industry-Standard Abel Hardware 
Description Language 
e Multiple input Methods : 
Boolean Equations, Truth Tables and State Diagrams 
Optional Schematic Entry Available 
e Automatic Logic Reduction, Simulation, Error Checking, 
and Generation of Design Documentation 
e Optional Device Fitters Perform Automatic Pin/Node Assignment 
and Logic Synthesis 


Atmel-Abel 


® Automatically Takes Advantage of Atmel’s PLD Architecture, ty j g h- Level 
Joining Sum Terms When Extra Product Terms are Needed 
e R MS-DOS™ Compatible P 1Co : 
‘ iiss aneies cialis ea, oe Desig n Tool 
Atmel-Abel Software which Supports Atmel PAL-type Devices, ATV750, for Atmel 
ATV750B, ATV2500, ATV2500B, ATV5000, and ATV5100 3 
Complete Abel Manual 
aire Programmable 
e Upgradable to Full Version of Abel Through Data I/O Logic Devices: 
PAL-type 
ATV750 
ATV2500 
ATV5000 


ATV5100 


Description 

Atmel Programmable Logic Devices (PLDs) offer powerful solutions for logic design. Atmel- 
Abel, developed by Data I/O Corporation, is a software package specifically designed to sup- 
port development with Atmel Programmable Logic Devices. 

Atmel-Abel offers all of the function and features of Data I/O’s standard Abel software pack- 
age while supporting Atmel’s PLDs including all Atmel PAL-type devices as well as the 
ATV750, ATV750B, ATV2500, ATV2500B, ATV5000, and ATV5100. Support for other 
manufacturer’s PLDs is noi provided. 

Atmel-Abel automatically takes advantage of Atmel’s innovative multiple sum term PLD ar- 
chitecture. When your reduced equations require more product terms than anticipated, the soft- 
ware automatically allocates the next available block of product terms to your equation. 


Continued on next page 


AIMEL 37 


Almet 


Description (Continued) 


Atmel-Abel automatically reduces your logic equations to near 
minimal form. Depending on your requirements, you can 
choose among several reduction algorithms. The result is a more 
efficient, cost-effective design. 

Behavioral simulation is an integral part of the Atmel-Abel de- 
sign package. Simulation may be performed on either the design 
equations as entered, or after device selection, pin and node as- 
signment, and option selection. This way you can verify that the 
completed design matches your design input. 


Design Flow Diagram 


ABEL-HDL 


COMPILE 


SCHEMATIC 
NETLIST 
CONVERSION 
(OPTIONAL) 


LOGIC 
FITTING 
(OPTIONAL) 


General Support Requirements 
¢ 386/486 Computer 

¢ 3 1/2" 1.44 MB/HD Floppy Disk Drive 

¢ DOS 3.0 or higher 

¢ 640K RAM, 4 MB Extended RAM 


Ordering Information 


SIMULATE 


FUSEMAP 


Atmel-Abel uses the Open Abel format which allows the use of 
optional logic fitters. These logic fitters perform automatic de- 
vice pin and node assignment and macrocell option selection to 
make maximum use of device resources, speeding up the design 
process. 

Once your design is ready, Atmel-Abel generates standard 
JEDEC files which can be downloaded to your programmer 
with the terminal emulation software included with the package. 


OPTIMIZE 


DEVICE INDEPENDENT 


DEVICE SPECIFIC 
SIMULATE 
JEDEC 


JEDEC FILE FOR 
PROGRAMMING 


Ordering Code Description 


Atmel-Abel High-Level Design Tool for Atmel Programmable Logic Devices: 


ATDS1200PC PAL-type Devices, ATV750, ATV2500, ATV5000, ATV5100 and H-Series 


Atmel-Abel Kit with all V-Series Fitters 


Abel™ and MS-DOS™ may be trademarks of others. 


ATDS1210PC 
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Features 

e Works with Atmel-Abel PLD Design System 

e Allows Device-independent Design 

e Optimizes Resource Utilization 

e Assigns Signals to Pins and Nodes 

e Utilizes Atmel’s Unique Product Term Joining/Sharing 
e Performs Logic Synthesis 


Description 


This custom logic fitter package for the Atmel-Abel PLD design system supports all Atmel 
V-Series CPLDs. It was written by Data I/O with Atmel’s cooperation and approval. This fitter 
package will work only with Atmel-Abel, the special version of Abel available from Atmel 
which supports Atmel’s low and high density PLDs. 


The fitters perform pin/node signal assignment, perform macrocell option selection, take ad- 
vantage of Atmel’s shared product term architecture where possible, and maximize resource 
utilization. This allows a user to do device-independent design and still get maximum utiliza- 
tion for Atmel’s V-Series PLDs without needing to know all internal details of the devices. 


Pin/node assignments may be made by the user, assigned by the fitter, or a combination of 
both. Optionally, all pin/node assignments can be ignored and the fitter will attempt to fit the 
design into the target device automatically. 


Requirements 


¢ The V-Series fitters require Atmel-Abel version 4.2 or higher running under MS-DOS, 
version 3.00 or higher, with extended memory support (6 Mbyte minimum). 


Ordering Information 


Ordering Code | Description 
ATDS1205PC | Atmel-Abel Custom Logic Fitter Package for V-Series CPLDs 


Abel™ and MS-DOS™ may be trademarks of others. 
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Atmel-Abel 
V-Series 
Custom 
Logic Fitters: 
ATV750 
ATV750B 
ATV2500 
ATV2500B 
ATV5000 
ATV5100 
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Reduce your time to market with the fastest, easiest to use, most complete 
set of tools for programmable logic design available: Atmel-ViewPLD. 
This fully integrated system supports Atmel’ s PLD devices and V-Series of 
complex PLDs. 


Benefits 


e Allows design specification with schematic entry or the Abel hardware 
description language and accepts existing designs with JEDEC files and 
TTL logic in any arbitrary design hierarchy. =-Vi 

e Allows the retargeting of older designs into new technologies, and new Atmel ViewPLD 
functions can be easily merged and enhanced. 

e Utilizes intelligent device fitters for automatic logic synthesis and device 
resource assignment. 

e Saves design iterations by generating full VHDL timing models for 
simulating and debugging PLD designs in the system context. 

e Optimizes designs requiring multiple devices with automatic user-guided 
partitioning and device fitting. 

e Can combine multiple PLDs into larger CPLDs 


ViewPLD Sample Screen 


Integrated 
Programmable 
Logic Design 
System 


Tiere delays in use. DEMOR.2¢SOND B-AT“x2a™ 6:10 


stopped 
stopped 
stopped 
stopped 
stopped 
stopped 
stopped 


module COUNT4; 
COUNT4 device 


RST, Q3, Q2, Q1, Q6, CLK pin 
CARRY PIN ISTYPE ‘Con’; 

Q3, Q2, Qi, 4 istype * bu 
COUNT = [Q@3..Q6]; 


Equations 

OU = COUNT. FB + 1; 

= CLK 
-AR = RST; 

CARRY = COUNT. FB == “HF: 


DRAW? SSS™*~“~*~*~*S*SSCCSCSCSCCCCC*SD RAW: X=4ZS1Y=a54 DX=—4a _DY=52 


Atmel-ViewPLD is a Complete Set of Tools for 
Programmable Logic Design 


Through a partnership with Data I/O and Viewlogic Systems, Atmel has developed Atmel- 
ViewPLD, bringing together the best programmable device knowledge and fitting capabili- 
ties with the best engineering environment for schematic entry and verification. Atmel- 
ViewPLD is a complete set of tools for PLD design which will get you from concept to 
finished product faster than you ever thought possible. Atmel-ViewPLD contains every tool 
you will ever need, from schematic entry and device fitting to automatic partitioning — even 
waveform analysis and full timing simulation. 


Atmel-ViewPLD is available either as an add-on product to users with other vendor-specific 
Viewlogic front-end systems (intermediate upgrade), or as a stand-alone product offering 


unmatched capabilities and value in PLD design. 
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ViewPLD Works From Multiple Input 
Formats/Sources 


All of Atmel-ViewPLD’s capabilities operate from a design 
database which is created from several sources which can be 
freely intermixed. The Abel language can be used to easily spec- 
ify Boolean operations, truth tables, and state machines. Sche- 
matics can be created using basic logic functions or TTL macro 
functions, and existing PLD designs in JEDEC format can be 
used as well. Once the design database is created, Atmel- 
ViewPLD can automatically produce a schematic of the design 
for use in system schematics for functional simulation before 
any implementation is started. 


Design Flow 


Figure 1 shows the basic design flow for Atmel-ViewPLD. Abel 
source files can be processed directly using the basic technology 
supplied by Data I/O, or Viewlogic’s ViewDraw tool may be 
used to enter hierarchical designs. These designs may have 
blocks that originate as Abel files, JEDEC files, or schematic 
input using either logic primitives or any of the comprehensive 
set of TTL macro functions included with Atmel-ViewPLD. 


Figure 1. Atmel-ViewPLD Design Flow Diagram 


Comprehensive Device Support 


Atmel-ViewPLD offers complete support for Atmel’s families 
of PLDs, including 22V10 devices and the V-Series. The V-Se- 
ries, designed for high density timing and control applications, 
includes the ATV750/L, ATV750B/BL, ATV2500H/L, 
ATV2500B/BL, ATV5000/L and ATV5100/L. For each PLD, 
Atmel-ViewPLD automatically produces optimized JEDEC 
files that are ready to be downloaded to device programmers. 


Although JEDEC file generation and timing modeling is limited 
to the Atmel devices, JEDEC file design input into the design 
database is accepted for most PLD devices supported by Abel, 
including all PAL and GAL devices. 


Atmel-ViewPLD includes device fitters for all supported de- 
vices. These fitters, developed by Data I/O with Atmel’s support 
and cooperation, perform logic synthesis and device resource 
assignment automatically, allowing efficient designs to be cre- 
ated with minimum effort. 


ABEL HDL 
EDIT CONVERT COMPILE 
SCHEMATIC SCHEMATIC NETLIST TO ABEL HDL Br Se 
(VIEWDRAW) ABEL HDL TO JEDEC 
JEDEC FILE 


SIMULATE 
(VIEWSIM & 
VIEWWAVE) 


CREATE VHDL 
MODEL FROM 


SYSTEM ONLY) 


3-12 ATDS1303PC/1320PC  mummmmmees 


meme § Ff. 3 | GOSPC/1S20PC 


Atmel-ViewPLD Offers Interactive 
Partitioning 

The design database can be automatically partitioned into mul- 
tiple PLDs. Using ViewDraw, Viewlogic’s schematic capture 
tool, constraints are specified graphically, such as device pin 
sizes, signal grouping, and register and pin spares. 

After partitioning, schematic symbols are automatically created 
for the devices and the partitioned schematic is automatically 
drawn. This can then be used to add additional constraints and 
iterate the partitioning process. Once partitioning is completed, 
each partition is then “fitted” into the best device as controlled 
by the designer. 


Ordering Information 
Ordering Code 


ATDS1303PC 


ATDM1303PC 


VHDL Models Automatically 
Generate Simulation Models 


Once the design has been fitted into the PLD(s), Atmel- 
ViewPLD generates simulation models for each PLD in VHDL 
for design verification. These models can be used with the auto- 
matically generated schematic interconnecting the PLD(s) to 
perform full timing simulation at the system level using 
ViewSim and ViewWave (Viewlogic’s full function simulator 
and graphic waveform analyzer). ViewSim and ViewWave are 
included as a part of Atmel-ViewPLD. 

Functional VHDL models can also be produced for use in mi- 
grating a design to ASIC technology using the optional View- 
Synthesis and ViewRetargeter tools. 


Description 
Atmel-ViewPLD 3K Gate System with Functional Simulation for PCs 
(Includes One Year Maintenance) 


Atmel-ViewPLD 3K Gate System Maintenance (One Year) 


ATDS1303PCI Atmel-ViewPLD 3K Gate Intermediate Upgrade System with Functional Simulation 


ATDS1320PC 


ATDS1320PCI 
ATDM1320PC 


Abel, PAL and ViewPLD may be trademarks of others. 
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Atmel-ViewPLD 20K Gate System with Timing Simulation for PCs 

(Includes One Year Maintenance) 

Atmel-ViewPLD 20K Gate Intermediate Upgrade System with Timing Simulation 
Atmel-ViewPLD 20K Gate System Maintenance (One Year) 
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Software Support Information!” 
Software 


Logical 
DataVO Devices ISDATA Atmel 
Cupi™ 


Software 
Versions 


Atmel 
Abei™ 


3.0 


CMOS PLD 
Programming 
Hardware 
and Software 
Support 


2.0 2: 4.4 1.2 5 
3. .15b 3.0 4.2 4.2 1.2 3.0' 


4.3 4.3 4.3 (3) 

2.0 2.0 2.3 4.40 4.40 1.2 1.5 

ATF20V8B | 2.0 2.0 2.3 4.40 4.40 1.2 1.5 
TV750B 5.1? 4.4c (3) 4.40 4.40 (3) 3.2¢ 


ATv2500B |_ 5.17 4.4c (3) 4.41 4.41 (3) 3.26 


Notes: 1. Supported in Minc PLDesigner - XL only. 
2. Scheduled release. 
3. Under development. Please call PLD software manufacturer for updated information. 
4. Minc tool is an OEM for CAE tools from Cadence, Mentor and Racal Redac. 
Synopsys users get support from Minc’s library. 


CAE Software Companies 
Data I/O Corporation (Abel™) Logical Devices (Cupi™) 
10525 Willows Rd. N.E. 692 S. Military Trail 
P.O. Box 97046 Deerfield Beach, Florida 33442 
Redmond, WA 98073-9746 (305) 428-6868 
(206) 881-6444 
(800) 247-5700 Minc, Inc. 
6755 Earl Drive 
ISDATA Gmbh (LOG/IC) Colorado Springs, CO 80918 
Daimlerstr 51 (719) 590-1155 
W-7500 Karlsruhe 21 
Germany Viewlogic Systems, Inc. 


US: (510) 531-8553 


293 Boston Road West 
Marlboro, MA 01752 
(508) 480-0881 


ATMEL 
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New Programmer Support Information 


The following is a partial listing of the ever-growing group of Information regarding specific product support information 
programmers that are evaluated and approved by Atmel. may be obtainable through your local Atmel representative or 


A list of specific product and programmer firmware/software cirectly from the programmes Venger, 


revisions that support each product is published periodically by 
Atmel. 


[Company | Mode 
Advin Systems Sailor-PAL Pilot-U40 Pilot-U84 
BP Microsystems PLD1100 BP-1200 


135H/ 


CEIBO a <a 


7 DIP Module PLCC 
Unisite 48 29B 303A011A Module 60A 3900 2900 


a 


Sprint 
Expert 


System General SGUP-85 TURPRO-1 
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Programming Hardware Companies 


Advin Systems, Inc. 
1050-L East Duane Ave. 
Sunnyvale, CA 94086 
(408) 243-7000 


BP Microsystems 
1000 N. Post Oak Road 
Suite 225 

Houston, TX 77055 
(713) 688-4600 


BYTEK 

543 N. W. 77 Street 
Boca Raton, FL 33487 
(407) 994-3520 


CEIBO 

Merkazim Building 
1 Maskit Street 
P.O. Box 2106 
Herzelia 46120 
Israel 

(972) 52-555387 
US: (617) 863-9927 


Data I/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 

Redmond, WA 98073-9746 
(206) 881-6444 

(800) 247-5700 


Elan Digital Systems Ltd. 


Elan House 

Little Park Farm Road 
Segensworth West 
Fareham, Hants 

U.K. PO15-5SJ 
(0489) 579799 


HI-LO System 
44388 Grimmer Blvd. 
Fremont, CA 94538 
(510) 623-8859 


Inlab / ProLogic 
557-0 Burbank Street 
Broomfield, CO 80020 
(800) 237-6759 


Logical Devices 

692 S. Military Trail 
Deerfield Beach, FL 33442 
(305) 974-0967 


Micropross 

5 Rue Denis Papin 

59650 Villeneuve D’ Ascq 
France 

(011) 33204-79040 


Owen 

Ringstr. 11 
Postfach 1104 
D-6798 Kusel 
Germany 

(011) 49-6381-5085 


SMS SPRINT 
International 

PO Box 3159 

Redmond, WA 98052-3159 
US: (206) 883-8447 


Strebor 

1008 N. Nob Hill Dr. 
America Fork, UT 84003 
(801) 756-3605 


Stag Microsystems 
1600 Wyatt Dr. 

Santa Clara, CA 95054 
(408) 988-1118 


System General 

510 S. Park Victoria Drive 
Milipitas, CA 95035 
(408) 263-6667 

Taiwan: (886) 2-9173005 
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Features 


Graphical User Interface 

Unified Design Database 

Macro Library of Over 200 Hard/Soft Functions 
Viewlogic™ Viewdraw™ Schematic Capture 
Automatic Place and Route 

Interactive Layout Editing 

Viewlogic Viewsim™ Simulation 

Post-Layout Timing Analysis 

Critical Paths Shown In Schematic and Layout 
Delay Back-Annotation to Simulation 


Description 


Atmel’s Integrated Development System lets designers create fast, predictable designs with 
AT6000 Series FPGAs. 

Available for use on an 386/486-based computer, the Integrated Development System com- 
bines industry-standard software for design entry and simulation with Atmel’s proprietary 
software for automatic and interactive placement and routing, timing analysis and bit stream 
generation. 

The Integrated Development System design flow is shown below. Pre-layout modules verify 
design logic, place and route modules implement the design in silicon. Post-layout modules 
reflect the design as it actually appears in silicon. 


A Design Manager provides push-button access to each step in the flow. The Design Managers 
simple user interface streamlines the design flow as it creates a seamless design environment. 
Design data is stored in a unified database that eliminates the need for data re-entry and 
translation. 


The Integrated Development System is available in a low-cost package and includes timing 
analysis and a prototype kit. Timing and functional simulation is optional. 


Integrated Development System 


SCHEMATIC 
CAPTURE 


PRE-LAYOUT TIMING 
AND FUNCTIONAL 
VERIFICATION 


AUTOMATIC PLACE a INTERACTIVE 
AND ROUTE oe EDITING 


POST-LAYOUT 
TIMING ANALYSIS 


POST-LAYOUT TIMING 
AND FUNCTIONAL 
VERIFICATION 


BIT STREAM 
GENERATION 


FPGA 
Integrated 
Development 
System 
Overview 
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AT6000 FPGA System Summary 


The following is a summary of Integrated Development System 
software, hardware and annual maintenance agreements. For 
availability and pricing, contact your local Atmel sales repre- 
sentative or distributor. 


FPGA Design Tools 
ATDS2100PC FPGA Physical Design System 
Ordering Code: ATDS2100PC 
« Atmel Design Manager 
« AT6000 Macro Library for Viewlogic 
« Netlist Generator 
« Automatic Place and Route 
« Interactive Editor 
« Static Timing Analyzer 
¢ Pre-Layout Timing Estimator 
¢ Post-Layout Timing Analyzer 
« Timing to Simulation Back Annotator 
« Timing to Layout Back Annotator 
« Incremental Design Change 


« User Macro Library Management 
« Design Rule Checker 


« Layout vs. Schematic Checker 
¢ Plotting Utilities 

« System Utilities 

« Bit Steam Generator 


« Prototype Kit (ATDH2080 - Not included in 
University System) 


ATDS2101PC FPGA Design System with Viewdraw 
Ordering Code: ATDS2101 

« Viewdraw Schematic Capture for AT6000 FPGAs 

- Complete ATDS2100 FPGA Physical Design System 


ATDS2110PC and ATDS2120PC FPGA Design System 
with Viewdraw and 10K/20K Gate Simulation 


Ordering Codes: ATDS2110, ATDS2120 

¢ Viewsim Functional Simulator 

- Simulation Netlist Generator 

« Viewsim Timing Simulator 

¢ Simulation Utilities 

- Viewdraw Schematic Capture for AT6000 FPGAs 

« Complete ATDS2100 FPGA Physical Design System 


Download Board Kits 


Atmel offers download boards for use with the Prototype Kit 
(included in the ATDS2100 Design Package) and the designer’s 
target system. Each kit includes a cable for downloading con- 
figuration data to a device and a socket assembly to plug the 
FPGA into a printed circuit board. 


ATDH2084 84-Pin Download Kit 

Ordering Code: ATDH2084 

« 84-Pin PLCC Package Adapter Module 

« 25-Pin Connector Cable 

« Cable Adapter with Schmitt Trigger Module 


ATDH2132 132-Pin Download Kit 
Ordering Code: ATDH2132 

« 132-Pin PQFP Package Adapter Module 

« 25-Pin Connector Cable 

¢ Cable Adapter with Schmitt Trigger Module 


Annual Maintenance Agreements 


Annual Maintenance Agreements are available for each pack- 
age and option in the Integrated Development System. The first 
year of maintenance is included in the purchase price; renewal 
is optional. Maintenance Agreements give users direct access to 
Atmel’s experienced technical support staff and cover software 
upgrades that keep engineers on the leading edge of Atmel’s 
design tools. 


Ordering Code: ATDM2100PC 
« Maintenance for ATDS2100PC, Physical Design System 


Ordering Code: ATDM2101PC 
« Maintenance for ATDS2101PC, Design and Schematic Entry 


Ordering Code: ATDM2110PC 


« Maintenance for ATDS2110PC, Design/Schematic/10K 
Simulation 


Ordering Code: ATDM2120PC 
« Maintenance for ATDS2120PC, Design/Schematic/20K 


Simulation 


Ordering Code: ATDM3305PC* 
« Maintenance for ViewPLD/FPGA, 5K System 


Ordering Code: ATDM3320PC* 
« Maintenance for ViewPLD/FPGA, 20K System 


* = Combined PLD/FPGA Design Kit 
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Hardware Requirements 

¢ 386/486-Based Computer 

« MS-DOS 3.0 or Higher 

- 640 Kilobytes Base-System RAM 

- 8 Megabytes Extended RAM 

« 40 Megabyte (Minimum) Hard-Disk Space 

« VGA Adaptor and Display 

« One Serial Port 

« One Parallel Port 

¢ One Mouse Systems or Compatible Three-Button Optical Mouse 


Ordering Information 


[ATOMZIO0° 
[arOMEIOTPC 
[ATONDHIOPC 
raToMer20°C 
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Features 


A Low-Cost Package for Completing an AT6000 Series Design 
Atmel Design Manager 
AT6000 Macro Library for Viewlogic 
Netlist Generator 
Automatic Place and Route 
interactive Editor 
Static Timing Analyzer (Circuit Verification Tools) 
Pre-Layout Timing Estimator 
Post-Layout Timing Analyzer 
Timing to Simulation Back Annotator 
Timing to Layout Back Annotator 
incremental Design Change 
User Macro Library management 
Design Rule Checker 
Layout versus Schematic Checker 
Plotting Utilities 
System Utilities 
Bit Stream Generator 
Prototype Kit (ATDH2080 - Not Included in University System) 


ATDS2100PC Design Flow 


AT6000 SERIES MACRO LIBRARY - 


VIEWDRAW SCHEMATIC CAPTURE 


NETLIST GENERATION 


rae VIEWSIM FUNCTIONAL SIMULATION 


Piel PRE-LAYOUT TIMING ESTIMATION 


AUTOMATIC AND INTERACTIVE LAYOUT 
- SIMULATION NETLIST GENERATION 
VIEWLOGIC FULL SIMULATION 


TIMING-TO-SIMULATION BACK ANNOTATION 


TIMING-TO-LAYOUT BACK ANNOTATION 


POST-LAYOUT TIMING ANALYSIS 


LAYOUT vs SCHEMATIC (LVS) 


DESIGN RULE CHECK (DRC) 


BIT STREAM GENERATION 


PROTOTYPE KIT 


FPGA 
Physical 
Design System 
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Description 


AT6000 Series Design Manager 


Operation of the Integrated Development System is controlled 
from a single graphical interface, the Design Manager. Similar 
to a control panel in format, the Design Manager displays a se- 
ries of buttons, with each button corresponding to a different 
phase in the design process. Any module, be it schematic entry, 
place and route or bit stream generation, is invoked by the press 
of a button. The Design Manager lets the user move freely be- 
tween modules and make changes at any stage in the develop- 
ment cycle. Data is linked to a common database which elimi- 
nates the need for data re-entry. 


AT6000 Series Macro Library 


The AT6000 Series Macro Library contains over 200 fully- 
characterized functions ranging in size from basic gates to com- 
plex functions and I/O. Alternate layouts, optimized for perfor- 
mance or silicon utilization, are provided for most macros. An 
index appears at the back of this section (see Macro Library 
Listing). 


Netlist Generator 


The Netlist Generator automatically extracts a netlist from the 
Viewdraw schematic for use with the layout modules. 


Automatic Place and Route 


The Automatic Place and Route tools solve complex layout 
problems quickly and can be used on their own to complete a 
layout. But, for optimum circuit performance and silicon utiliza- 
tion, a mixture of automatic and interactive functions often 
works best. 


Automatic Place follows the netlist to place circuitry such that 
routing is as easy to complete as possible. Macros can be speci- 
fied hard for predictable timing, or soft for more flexible place- 
ment. The program supports back annotation of placement loca- 
tions to the schematic for easy identification. Automatic Place 
can select I/O pin placements or use pin locations specified 
manually in the top-level Viewdraw pin list. Full or partial 
placement is also supported. 


The Automatic Route program can route nets according to user- 
specified priorities. Over a series of passes, the router can begin 
with critical nets and work its way up to the least critical paths, 
or vice versa. Global routing routines assign local and express 
buses to carry signals; detail routing routines finish the rest. Full 
or partial routing is also supported. 


Interactive Editor 


The Interactive Editor provides a graphic representation of the 
AT6000 series architecture for netlist-driven manual placement 
and routing. It can be used at any time during the design to view 
a particular cell instance or net, for example, or to trace and 
modify critical paths found by the optional timing analyzer. A 
timing calculator is also available for determining delays along 
any user-selected path. Changes are honored by Automatic 
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Place and Route, so users can optimize portions of a design and 
leave the rest to the automatic tools. 

The Interactive Editor preserves labels, macro names and pin 
definitions from the schematic, and enforces AT6000 series de- 
sign rules. Keystroke equivalents are available for most com- 
mands, including move, copy, cut, paste, shift, rotate and flip. A 
cumulative undo function keeps track of design changes. 


Circuit Verification Tools 

The ATDS2100 Physical Design System includes timing analy- 
sis tools: 

« Pre-Layout Timing Estimator 

Post-Layout Timing Analyzer 

Timing to Simulation Back Annotator 

- Timing to Layout Back Annotator 

Incremental Design Change 

¢ User Macro Library Management 


The Timing Analysis Tools include a comprehensive set of 
analysis functions that use actual wire lengths and loading de- 
lays to identify and highlight critical paths, setup and hold time 
violations in the schematic and layout. Timing information is 
back annotated to simulation for improved accuracy. No user 
generated test vectors are required, and 100% of the logical 
paths in the design are tested (see Figure 1). 


Figure 1. Timing Analysis Functions 


AT6000 SERIES MACRO LIBRARY 
VIEWDRAW SCHEMATIC CAPTURE 


NETLIST GENERATION 
wha VIEWSIM FUNCTIONAL SIMULATION 


Peal PRE-LAYOUT TIMING ESTIMATION 


AUTOMATIC AND INTERACTIVE LAYOUT 
ie SIMULATION NETLIST GENERATION 
VIEWLOGIC FULL SIMULATION 


TIMING- TO-SIMULATION BACK ANNOTATION 


TIMING-TO-LAYOUT BACK ANNOTATION 


Fiai POST-LAYOUT TIMING ANALYSIS 


LAYOUT vs SCHEMATIC (LVS) 


DESIGN RULE CHECK (DRC) 
BIT STREAM GENERATION 
PROTOTYPE KIT 
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Pre-Layout Timing Estimator 

The Timing Estimator uses worst-case delays to flag setup and 
hold time violations in a schematic representing up to 10,000 
gates of logic. Critical paths are also identified and highlighted 
directly in the schematic. Shortest and longest path commands 
assist in design analysis. 


Post-Layout Timing Analyzer 

The Timing Analyzer checks to see if the layout process has 
affected any timing dependencies. It uses actual wire lengths 
and loading delays to calculate post-layout timing for back an- 
notation to the schematic, layout and simulation modules. Setup 
and hold time violations are identified and critical paths are 
highlighted directly in the layout. 


Timing to Simulation Back Annotator 

Post-layout timing information, including pin-to-pin delays 
with actual wire delays, is back annotated to Viewsim. Subse- 
quent simulation runs reflect actual device timing. 


Timing to Layout Back Annotator 

Post-layout timing paths, including critical paths and setup and 
hold time violations, is back annotated to the Interactive Editor 
and Viewdraw. Shortest and longest delay paths can be traced in 
the layout or schematic, making it possible to improve design 
timing from either module. 


incremental Design Change 


This function allows modifications to the schematic to be re- 
flected in the layout. It maintains all previous placement and 
routing unaffected by the change which preserves existing cir- 
cuit timing. 


User Macro Library Management 


The Macro Library allows the user to add, delete, copy and 
modify components for a user macro library. 


Design Rule Checker 


The Design Rule Checker searches for electrical and design-rule 
violations, reporting errors in a text file for easy debug. 


Layout vs. Schematic Checker 


The Layout vs. Schematic Checker compares the layout to the 
schematic and reports any discrepancies. 


Plotting Utilities 


Atmel’s Plotting Utilities produce PostScript and HP-GL/2 
plots of design layouts for use in device specifications and revi- 
sion control. 


System Utilities 


System Utilities structure the work environment to suit personal 
work habits. Options include selecting an active design, speci- 
fying design backup procedures, restoring archived files, and re- 
vising user and design settings. 


Bit Stream Generator 


The Bit Stream Generator produces the configuration file used 
to program a AT6000 Series device. Six configuration modes 
are available. Configuration windows are generated according 
to user specification. Full and partial configuration algorithms 
can be generated. Simultaneous configuration of many devices 
is also possible. 


Prototype Kit (ATDH2080) 


The Prototype Kit includes a wire-wrap printed circuit board as- 
sembly with sockets that hold 84- and 132-pin packages. A 25- 
pin connector cable and cable adaptor are provided for attaching 
the board to a personal computer. The board can be used for 
quick, convenient device configuration, or populated with ac- 
tive components to test the FPGA in a systems environment. 


Note About Data Bases 


The Integrated Development System uses a common data base 
structure that eliminates the need for data re-entry and manual 
translation. 


The netlist generation, macro library and user-defined compo- 
nent data contained in the design schematic is stored in a logic 
design data base. The simulation and timing analysis programs 
use this data to perform pre-layout functions. 

When the layout programs are invoked, the data in the logic de- 
sign database is automatically transferred to a layout design data 
base for use with automatic and interactive placement and rout- 
ing routines. The layout design data base is also used for post- 
layout simulation, timing analysis and error checking. 

This common data base approach streamlines the design flow 
while it ensures that design data remains consistent. 
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FPGA Macro Library Listing 


Rather than spend time creating simple functions from scratch, 
designers can select ready-made circuits from the AT6000 Se- 
ries Macro Library, (included in the ATDS2100 Development 
System) for use in their schematic or layout. Listed below are 
the more than 200 functions contained in the Macro Library. 

Macros range in size from basic gates to complex functions and 
I/O. Each macro is fully characterized, with schematic symbol, 
simulation representations, and timing analysis data. Alternate 


Area 
(XxY) 


Logical 
Function Description 


2-Input NAND 
3-Input NAND 
4-Input NAND 


5-Input NAND 
6-Input NAND 
8-Input NAND 
Two 2-input NANDs 


AN2 2-Input AND 1x1 
AN3 3-Input AND 1x1 
AN4 4-Input AND 2x1 
ANS 5-Input AND 2x1 
AN6 6-Input AND 3x1 
AN8 8-Input AND 4x1 
AN2L 2-Input AND (AB) 1x1 
AN2INV 2-Input AND with Inverter (AeL)L’ 1x1 
ANXO 2-Input AND Feeding an XOR 


Gates - NOR 


2-Input NOR 
3-Input NOR 
4-Input NOR 
5-Input NOR 
6-Input NOR 
8-input NOR 
2-Input NOR with Inverted Input (AB’) 


Gates - OR 
2-Input OR 
3-Input OR 
4-Input OR 
5-Input OR 


6-Input OR 

8-Input OR 

2-Input OR (ANB) XOR AN 
2-Input OR (A+B’) 
2-iNPUT or = (AcL’) XOR B 


layouts, optimized for performance or silicon utilization, are 
provided for many macros. 

Macros can be specified as hard or soft, so the user has more 
control over automatic placement and routing. 

A reference manual is provided with the Macro Library. It in- 
cludes primitive count, timing data, truth tables, schematic, 
symbol and layout. 


Logical 
Function 


Description 


2-Input XOR 

3-Input XOR 

4-Input XOR 

2-Input XOR/NAND 

2-Input XOR with 3-input NAND 
2-Input XNOR 

3-Input XNOR 

4-Input XNOR 


Inverter 

Two Inverters 

Inverter and 2-Input AND L’, (AeL) 
AND-OR Inverter 2-2 Inputs 
AND-OR Inverter 2-2 Inputs 
OR-AND Inverter 2-2 Inputs 
Buffer 


ZERO Logic Zero 

ONEONE _ Two Logic Ones 
ZEROZERO Two Logic Zeros 
ZEROONE Logic One and Logic Zero 


2-to-1 Multiplexer 
3-to-1 Multiplexer 
4-to-1 Multiplexer 
8-to-1 Multiplexer 
2-to-1 Multiplexer (Fast) 
3-to-1 Multiplexer (Fast) 
4-to-1 Multiplexer (Fast) 
8-to-1 Multiplexer (Fast) 
Select Buffer 

Select Buffer 
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FPGA Macro Library (Continued) 


Logical 
Function Description 


2-to-4 Decoder Active High/Low 
2-to-4 Decoder Active Low 
2-to-4 Decoder Active High 
3-to-8 Decoder Active Low 
3-to-8 Decoder Active High 
4-to-2 Encoder 

8-to-3 Encoder 

7-Segment BCD Display (0 to A) 
7-Segment BCD Display (0 to F) 


D Latch Transparent High 
D Latch Transparent Low 
D Latch Transparent High, Reset Low 
D Latch Transparent High, Set Low 
SR Latch with NAND 

SR Latch with NAND with Enable 

SR Latch with NOR 


D Flip-Flop Synchronous 
D Flip-Flop Synchronous with Enable 
D Flip-Flop Synch with Enable Low 

D Flip-Flop Synchronous Set Low 

D Flip-Flop Synchronous Reset Low 
D Flip-Flop Synch Set/Reset Low 

D Flip-Flop Asynchronous Set Low 

D Flip-Flop Synchronous with QN Out 
D Flip-Flop with XOR 

D Flip-Flop Half-Adder Sum 

D Flip-Flop 2-input OR 

D Flip-Flop 2-input NAND 

D Flip-Flop (A+L’) 

MUX Feeding D Flip-Flop 

(AL) XOR B; B = (AeL) AND B 

JK Flip-Flop Synchronous 

JK Flip-Flop Synchronous with Q Low 
JK Flip-Flop Synchronous Set Low 

JK Flip-Flop Synchronous Reset Low 
JK Flip-Flop Synch Set/Reset Low 

JK Flip-Flop Asynchronous Set Low 
JK Flip-Flop Asynchronous Reset Low 
T Flip-Flop Synchronous 

T Flip-Flop Synchronous Set Low 


Logical Area 
Function Description 


Flip-Flops (Continued) 
FTR T Flip-Flop Synchronous Reset Low 2x1 
FTSR T Flip-Flop Synchronous Set/Reset Low 2x2 


FTRA T Flip-Flop Asynchrenous Reset Low 2x1 


CLKEDGE Clock Edge Detect Q=1 on Rise 1x1 


0-Bit Ripple-Carry Counter 

1-Bit Ripple-Carry Counter 

4-Bit Ripple-Carry Counter 

Bit Stage Ripple-Carry Counter 
4-Bit Ripple-Carry with Parallel Load 
Bit Stage Ripple-Carry with Parallel Load 
4-Bit Decade Counter 

4-Bit Decade Counter with Parallel Load 
2-Bit Johnson Counter 

3-Bit Johnson Counter 

4-Bit Johnson Counter 

5-Bit Johnson Counter 

6-Bit Johnson Counter 

8-Bit Johnson Counter 

12-Bit Johnson Counter 

2-Bit Johnson Counter with Enable 
3-Bit Johnson Counter with Enable 
4-Bit Johnson Counter with Enable 
5-Bit Johnson Counter with Enable 
6-Bit Johnson Counter with Enable 
8-Bit Johnson Counter with Enable 
12-Bit Johnson Counter with Enable 


1-Bit Full Adder 

1-Bit Half Adder 

1-Bit Half Adder Carry Low 
2-Bit Equality Comparator 
3-Bit Equality Comparator 
4-Bit Equality Comparator 
8-Bit Equality Comparator 
2-Bit Magnitude Comparator 


2-Bit Shift Register 
3-Bit Shift Register 
4-Bit Shift Register 
8-Bit Shift Register 
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FPGA Macro Library (Continued) 


Logical Area 
Function Description (XxY) 


2-Bit Shift Register with Parallel Load 1x2 
3-Bit Shift Register with Parallel Load 1x3 
4-Bit Shift Register with Parallel Load 1x4 
8-Bit Shift Register with Parallel Load 1x8 
Bit Stage Shift Register with Parallel Load 1x1 


1-Bit Parallel-to-Serial Converter 
8-Bit Parallel-to-Serial Converter 1x8 
1-Bit Serial-to-Parallel Converter 2x2 
8-Bit Serial-to-Parallel Converter 


4-Bit Parity Checker Odd/Even 
8-Bit Parity Checker Odd/Even 4x3 
9-Bit Parity Checker Odd/Even 4x4 
13-Bit Parity Checker Odd/Even 5x4 
16-Bit Parity Checker Odd/Even 6x5 


17-Bit Parity Checker Odd/Even 6x5 
Register Files 
R2 2-Bit Register File 1x2 


R3 3-Bit Register File 1x3 
R4 4-Bit Register File 1x4 
R8 8-Bit Register File 1x8 
4 Word x 2 Bit Register File 1x8 
Word x 4 Bit Register File 


Tri-state Buffer 
INVZ Tri-state Inverter 2x1 
FDZ D Flip-Flop with Tri-state Out 1x1 


FDZQ D Flip-Flop with Tri-state Out and Q Out 1x1 
R2Z 2 Bit Register File with Tri-state Out 1x2 
R3Z 3 Bit Register File with Tri-state Out 1x3 
R4Z 4 Bit Register File with Tri-state Out 1x4 
R8Z 8 Bit Register File with Tri-state Out 1x8 
HZ Bus Driver High or Z 1x1 
LZ Bus Driver Low or Z 1x1 


CLKEDGEZ Clock Edge Detect Qe1 on Rise (Z) 


Logical Area 
Function Description (XxY) 


ICMS Input Buffer CMOS Level 1x1 


ITTL Input Buffer TTL Level 1x1 
Input Buffer CMOS Level with Pull-Up 1x1 
Input Buffer TTL Level with Pull-Up 


ICMSP 
ITTLP 


Output Buffer Drive 

Output Buffer Drive with Pull-Up 

Output Buffer Drive Fast 

Output Buffer Drive with Fast Pull-Up 

Output Buffer Open Collector 

Output Buffer Open Collector with Pull-Up 1x1 
Output Buffer Open Collector Fast 1x1 


Output Buffer Open Collector with Fast 1x1 
Pull-Up 


Tri-state Output Drive 

Tri-state Output with Pull-up 
Tri-state Output Drive Fast 
Tri-state Output with Fast Pull-Up 
Tri-state Output Open Collector 


Tri-state Output Open Collector with 
Pull-Up 


Tri-state Output Open Collector Fast 


Tri-state Otpt Open Collector with Fast 
Pull-Up 


Bi-directional I/O TTL Drive 

Bi-directional IO CMOS Drive 1x1 
Bi-directional I/O TTL Drive Fast 1x1 
Bi-directional /O CMOS Drive Fast 1x1 
Bi-directional 1/O TTL Drive with Pull-Up 1x1 


Bi-directional AO CMOS Drive with 1x1 
Pull-Up 
Bi-directional 1/O TTL Drive with Fast 1x1 
Pull-Up 


Bi-directional I/O CMOS Drive with Fast 1x1 
Pull-Up 
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FPGA Macro Library (Continued) 


Logical Area 
Function Description (XxY) 


Bi-directional I/O with Open Collector 


Bi-directional I/O TTL Open Collector 1x1 
Bi-directional I/O CMOS Open Collector 1x1 


Bi-directional /O TTL Open Collector 1x1 
with Pull-Up 


Logical Area 
Function Description (XxY) 


Bi-directional I/O with Open Collector and Enable 


Bi-directional /O TTL Open Collector 1x1 
with Enable 


Bi-directional VO CMOS Open Collector 1x1 
with Enable 


Bi-directional I/O TTL Open Collector 1x1 
Pull-Up Enable 


Bi-directional YO CMOS Open Collector 1x1 
with Pull-Up 


Bi-directional CMOS Open Collector 1x1 
Pull-Up Enable 


Bi-directional /O TTL Open Collector 1x1 
Fast Enable 


Bi-directional /O CMOS Open Collector 1x1 
Fast Enable 


Bi-directional CMOS Open Collector Fast 1x1 
Pull-Up Enable 


Bi-directional TTL Open Collector Fast 1x1 
Pull-Up Enable 


Bi-directional /O TTL Open Collector 1x1 
Fast 


Bi-directional /O CMOS Open Collector 1x1 
Fast 


Bi-directional /O TTL Open Collector 1x1 
with Fast Pull-Up 


Bi-directional /O CMOS Open Collector 1x1 
Fast Pull-Up 


Ordering Information 


Ordering Code Description 
ATDS2100PC FPGA Physical Design System 
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Features 


e Viewlogic Schematic Capture for AT6000 Series FPGAs 
e Complete ATDS2100PC FPGA Physical Design System 


Description 

The ATDS2101PC is a low-cost package for completing an AT6000 series design for users 
who want to use Viewdraw Schematic Capture for design entry. The ATDS2101PC contains 
all the features of the ATDS2100PC with the addition of Viewdraw Schematic Capture. 


Viewdraw Schematic Capture 

Viewdraw uses a graphic format that accepts AT6000 Series macros and supports unlimited 
levels of design hierarchy. Viewdraw can cut and paste between schematics, code keystroke 
equivalents for menu commands and plot schematics. It offers an on-line symbol editor, sup- 
ports intelligent rubber-banding of nets and displays back-annotated simulation results. 


ATDS2101PC Design Flow with Viewdraw 
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Ordering Information 


Ordering Code Description 
ATDS2101PC FPGA Physical Design System with Viewdraw 
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Features 


Viewsim Functional Simulator 

Simulation Netlist Generator 

Viewsim Full Simulation 

Simulation Utilities 

Viewdraw Schematic Capture for AT6000 FPGAs 
Complete ATDS2100 FPGA Physical Design System 


Description FPGA Design 


The ATDS2110PC and ATDS2120PC are complete design packages for users who want to 5 

use Viewlogic Schematic Capture and Viewsim functional and timing simulation. The System with 
ATDS2110PC provides 10K gate simulation while the ATDS2120PC provides 20K gate sim- H 

ulation. Both the ATDS2110 and ATDS2120 contain all the features of the ATDS2100PC and Vi ewd raw and 
ATDS2101PC with the addition of Viewsim simulation. Vi ew sj ir 


ATDS2110PC and ATDS2120PC Design Flow 
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Circuit Verification Tools 


Atmel’s Circuit Verification Tools use Viewsim before and 
after layout to anticipate real-world circuit operating behavior. 
Viewlogic’s Viewsim program is one of the most versatile and 
powerful simulators available today for use on a personal com- 
puter. Designers avoid trial and error debug by finding problems 
quickly and eliminating them. (Designers with a restricted 
ASIC/FPGA Workview license should order a Circuit Verifica- 
tion Upgrade Kit.) 


Viewsim Functional Simulator 


The Functional Simulator simulates designs in flat and hierar- 
chical schematics representing up to 20,000 gates, and reports 
signal status. Entire designs can be simulated, or portions of a 
schematic can be isolated for analysis. Any physical node can be 
controlled and observed, incorporating worst-case temperature, 
power and process conditions. 


Simulation Netlist Generator 


The Simulation Netlist Generator compiles post-layout timing 
information in a netlist format so that the design implementa- 
tion, including layout effects, is reflected in the simulation 
netlist. 


Ordering Information 


Ordering Code Description 
ATDS2110PC FPGA Physical Design System with Viewdraw and 10K Gate Simulation 


ATDS2110PCli FPGA Physical Design System, Viewlogic 10K Upgrade 
ATDS2120PC FPGA Physical Design System with Viewdraw and 20K Gate Simulation 


ATDS2120PCI FPGA Physical Design System, Viewlogic 20K Upgrade 


Viewsim Full Simulator 


The Full Simulator performs post-layout timing and functional 
verification. Viewsim’s 28-state logic simulator incorporates 
post-layout timing results, including pin-to-pin delays, setup 
and hold time constraints and actual wire delays to provide ac- 
curate performance evaluations. Results can be displayed in a 
waveform processor to graphically measure timing relation- 
ships between signals. 


Simulation Utilities 


Simulation Utilities print simulation results in waveform, 
tabular or command language formats for use in design 
documentation. 
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Features 
e Prototype Board 
PC/AT-Compatible Expansion Board Edge Connector 
84-Pin PLCC High-Pressure Tin Socket with Solder Tails 
132-Pin PQFP Micro-Pitch Socket 
Over 16 Square Inches of Wire-Wrap Area 
Test-Point Headers for Easy Access to Vcc, GND, and FPGA I/O Signals 
Pre-Wired Header for Download Cable Connection 


Pre-Wired Sockets for Serial or Parallel Configuration EPROMs FPG A 
e Materials for Device Configuration via PC Parallel Port 

Cable Adapter Nodule 

DB25-Male-to-DB25-Female Cable nteg r ated 

Ten-Conductor Ribbon Cable D ev e| op me ni 
Description System 3 
Atmel’s Prototype Kit lets engineers try out an FPGA design in silicon and analyze its opera- i 
tion in a systems environment. The Kit includes a PCB assembly with sockets for two FPGAs Prototype Kit 


and space for adding active components. The board can be set up to run in at least three ways: 

- Attached to a host PC running the AT6000 series design software. The Design Manager 
control panel is used to send configuration data to the board via the download cable sup- 
plied with the Integrated Development System. 

- Attached to a PC that isn’t running the Atmel Integrated Development System. The 
Integrated Development System generates download files that can be used on any DOS- 
based PC to send configuration data to the board. 

« Not attached to a host PC (stand-alone). Sockets on the board are used to hold EPROMs 
programmed with configuration data. Power is supplied to the board from an external 
source. 


AT6000 Series Prototype Board 
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Board Contents (in alphabetical order) 


Symbol Name Description 


Used to stabilize the Vcc and GND lines and filter out unwanted 
frequency components. Capacitors are placed near each FPGA to 
-C12 | Bypass Capacitors minimize any transient currents arising from device switching and 


magnetic coupling. Bulk capacitors placed near power supply 
connections accommodate the continually changing Icc requirements of 
the total power system. 


Power LED Lights up when power is applied to the board. 


Holds standard 128K x 8 parallel EEPROMs (e.g., Atmel AT28C010), 
which can be used with configuration modes 1, 2, or 5. Table 3 lists 
recommended EPROMs. The configuration application note (included 
with the Integrated Development System) has more on configuration 
modes. 


Holds standard serial EPROMs (e.g., AT&T ATT1765), which can be 
used with configuration modes 3 or 4. Table 3 lists recommended 


AT28C010 Parallel 
EPROM Socket 


Serial EPROM Socket EPROMSs. The configuration application note (included with the 


Integrated Development System) has more on configuration modes. 
Power Supply Fuse The board is wired with a zero-ohm resistor which can be replaced with a 
(optional) solid-state fuse or current-limiting device when such protection is desired. 
84-Pin PLCC FPGA Attaches the download cable to the board so a PC can be used to 
Download Cable Connector | configure an 84-pin device using mode 3. 


132-Pin PQFP FPGA Attaches the download cable to the board so a PC can be used to 
Download Cable Connector | configure a 132-pin device using mode 3. 


C1 
Provides access to all pins on an 84-pin PLCC FPGA. Pin access 
headers can be used for wire-wrapping prototype Circuits or for 

13,44, | @4-Pin PLCC FPGA | reader post i provided for each device pin, Including power pins (refer to 


the AT6000 Series data sheet for device pin descriptions). The number 
next to each header post indicates the header’s corresponding package 


pin. 


Provides access to all pins on a 132-pin PQFP FPGA. Pin access 
headers can be used for wire-wrapping prototype circuits or for 
J7. JB 132-Pin PQFP FPGA connecting the FPGA to a logic analyzer or oscilloscope. An access 
J9, J10 


; header post is provided for each device pin, including power pins (refer to 
Pin Access Headers the AT6000 Series data sheet for device pin descriptions). The number 
next to each header post indicates the header's corresponding package 


pin. 
Provides access to power and ground for wire wrapping circuits. Each 
J11. J12 Power Supply Access power supply access header shares a column of +5 V pins, which in turn 
Headers share power and ground with the FPGA, EPROMs, configuration 
headers, and AT Bus edge connectors. 


Provides access to the AT edge connector signals. Each AT bus access 
header is connected to a finger. The power labels correspond to the bus 

vIG.a14 | Al Bus Access readers standard. The GND and +5 V edge connector headers are already wired 
to the GND and +5 V power planes on the prototype board. 


Connects a +5 V supply to the prototype board when power is not 
supplied by a host PC. Two connections are used for +5 V, and two are 
I Power Supply Connector used for GND. The fifth connection goes to an unused board trace and 


can be wired for different applications. To attach a wire, depress the 
lever, insert the wire into the hole, and release the lever to make solid 
contact with the wire. Most gauges of stripped wire will work. 
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Board Contents (continued) 


Symbol Name Description 


i Connects a logic analyzer or oscilloscope to the ground plane for 
Mode Select Switches 
SW68 M0 84-pin PLCC 
SW7 M1 84-pin PLCC Selects the configuration mode. Each switch is connected to one of the 
SW6 M2 84-pin PLCC configuration control pins (M0, M1, M2, or CS). When the switch is open, 
SW5 CS 84-pin PLCC it drives the input with a logic “1.” When closed, it drives the input with a 


SW4 M0 132-pin PQFP 
SW3 M1 132-pin PQFP 
SW2 M2 132-pin PQFP 
SW1 CS 132-pin PQFP 


logic “0.” The logical “1” and “0” positions are noted on the board 
silkscreen. 


Holds any AT6000 Series device housed in an 84-pin PLCC package. 
The location of power, ground, and configuration pins is constant 
throughout the family, making the socket compatible with any AT6000 
Series device in this package. The arrow on the socket indicates Pin 1. 
The 84-pin PLCC can be inserted by hand, but an extraction tool from 
AMP Incorporated (84 PLCC #821590-1) can make removal easier. 


Holds any AT6000 Series device housed in a 132-pin PLCC package. 
The location of power, ground, and configuration pins is constant 
throughout the family, making the socket compatible with any AT6000 
Series device in this package. The arrow on the socket indicates Pin 1. 
An insertion and extraction tool from AMP Incorporated (132 PQFP 
#821958-2) is recommended for inserting and removing the PQFP. 


84 Pin PLCC Socket 
AMP Socket # 821573-1 
AMP Tool # 821590-1 


132 pin PQFP Socket 
AMP Socket # 821949-5 
AMP Cover # 821942-1 
AMP Tool # 821958-2 
AMP Sheet # 15-9516 
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Board Setup and Configuration Requirements 


Attaching to a PC Running the 
integrated Development System 


This setup lets the engineer configure devices from within the 
Design Manager environment. There engineer doesn’t have to 
pull the FPGA out of the board or reprogram EPROMS for each 
design iteration. 


Board Setup 


To link the board to a host PC, use the DB25-male-to-DB25-female 
cable to connect the PC parallel or printer port (LPT 1: or LPT2:) 
to the cable adapter module. Use the ten-conductor ribbon cable 
to connect the cable adapter module to the configuration headers 
Jl and J2. Figures 1 and 2 show how to connect the cable 
adapter module to the 84-pin and 132-pin sockets respectively. 


Bit streams sent over the PC parallel port use mode 3 (bit-se- 
quential, external CCLK—see the AT6000 Series configuration 
application note for more information about configuration 
modes). Make sure the FPGA is set up for mode 3 before apply- 
ing power to the board. 

To configure a device in the 84-pin socket, set mode switch 
SW6 to 0, SW7 to 1, and SW8 to 1. This selects the correct 
settings for mode 3 configuration: M2=0, M1=1, and MO=1. 
Close the CS switch SWS to supply a logical “0” to the CS 
input. 

To configure a device in the 132-pin socket, set mode switch 
SW2 to 0, SW3 to 1, and SW4 to 1. This selects the correct 


Figure 1. Ribbon Cable Header Connecting 84-Pin Socket 
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settings for the mode 3 configuration: M2=0, M1=1, and MO=1. 
Close CS switch SW1 to supply a logical “0” to the CS input. 


It is very important that the PC and the prototype board power 
supply be capable of sharing a common ground. The download 
cable connects the PC parallel port ground to the prototype 
board ground. The Schmitt trigger module gets its power 
(~SmA) from the prototype board. The user is responsible for 
solving any ground contention problems between the PC and the 
user power supply. Atmel is not responsible for damage to the 
PC or power supply caused by improper grounding of the lab 
setup. 

Once the board is properly connected to the PC and the mode 
switches are in their proper position, a power supply of between 
4.75 and 5.25 volts can be applied to jumper J15. It is recom- 
mended that the supply be a minimum of 1 ampere to accommo- 
date any current spikes generated by high-speed, simulta- 
neously switching outputs. If the power LED does not light once 
power is supplied, immediately disconnect power and check the 
polarity of hand-wired circuits and the power supply fuse for 
possible problems. 

The prototype board can be treated like an add-in board and put 
inside the PC chassis. Place the board inside the PC and attach it to 
the PC/AT-compatible bus slot. Turn the PC power supply off 
and do not use the power supply connector J1 with this setup. The 
download cable should still be connected to the parallel port and 
the prototype board in the PC. Power is supplied from the PC bus. 
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Initiating Configuration 


Instructions for using the Design Manager to generate the bit 
stream appear in the Integrated Development System User’s Guide. 


When generating the bit stream, make sure of four things: 


L. 


The bit stream is generated using mode 3. 


2. The CHECK function is disabled or the CHECK pin is tied 
high on the prototype board. 

3. The ERR pin is operating without interference so it can ver- 
ify the download process. 

4. LPT1: is the default printer port. To use LPT2:, change the 


default setting using the Design Manager’s environment 
setup utility. 


Attaching to a PC that Isn’t Running the 
integrated Development System 

A security block restricts the Integrated Development System to 
a single PC, but an executable download file (provided with the 
Integrated Development System) makes configuration more 
portable. A total of four files are used to download configura- 
tions to the prototype board from any PC/AT: 


« downld.exe 

« <design name>.bst 
¢ design.cfg 

¢ <design name>.I|st 


These files are particularly useful if the test equipment needed 
to analyze the design is in a different room or if design work is 
divided among many engineers. 

Board Setup 


The prototype board connects to the host PC in the same way as 
described in the previous section. 


Figure 2. Ribbon Cable Header Connecting 132-Pin Socket 
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PC Setup 


The following Integrated Development System files are use to 
download a bit stream from the host PC: 


¢« downld.exe 


Downld.exe transfers the .bst file from the PC to the pro- 
totype board. It is stored with the other executables in the 
\cliNbin\ directory, It is the only executable file used by 
the host PC. 


It uses the dual-function ERR pin to detect errors in 
downloading the configuration file. If ERR goes low, an error 
has occurred. The error is displayed on the screen and 
noted in a list file, downld.Ist (see below). To prevent false 
errors, make sure the ERR pin operates without interference 
during the download process. Refer to the AT6000 Series 
configuration application note for more on dual-function 
pins. 


<design name>.bst 


Contains the bit stream used to configure the device. The In- 
tegrated Development System User’s Guide describes how to 
generate a <design name>.bst file. 


design.cfg 


Contains the default parameters of the host PC. It is typ- 
ically stored in the same directory as the <design name>.bst 
file. 


+ downld.lst 


All messages resulting from the prototype operation are di- 
rected to this file, including the time the program was initi- 
ated, the time the program completed, and the port used. It is 
typically stored in the same directory as the <design 
name>.bst file. 
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Follow these steps to set up the host PC for downloading con- 
figuration. Refer to the Integrated Development System 
User’s Guide for more details. 


1. Load the downld.exe file onto the PC. 

2. Create a working directory, and a project sub-directory 
for data files and the design.cfg file. 

3. Place acli.ini file, edited to reflect the proper path for 
the project sub-directory and name, in the new working 
directory. 

4. Place the <design name>.bst file in the project sub- 
directory. 

5. Place the design.cfg file, edited to specify the parallel 
port to be used (LPT1: is the default), in the project 
sub-directory. 

Initiating Configuration 
Table 1 lists commands used to invoke the downld.exe files. 


Port can be either of the parallel printer ports LPT1 or LPT2. 
LPT1 is the default. The port argument is case-sensitive. 


Configuring as a Stand-Alone 

(Not Attached to a Host PC) 

It is possible to use the prototype board without the download 
cable. The prototype board is supplied with sockets for serial 
and parallel configuration EPROMs. Stand-alone operation can 
be used to test and verify EPROMs before production. It can 
also help in the verification of a prototype system using auto 


Table 1. Commands Used to Invoke Download.exe Files 


DOWNLD <design name>.[PORT] 
DOWNLD /l<completepath>\<design name>.BST /d <complete path>\design.cfg 


DOWNLD /L<completepath>\cli.ini/g 


configuration. Modes 4 and 5 load configuration data from the 
EPROM right after the application of power. Mode 5 does not 
automatically generate a CON signal after the power-up boot 
sequence. Configuration is initiated by driving CON low. Serial 
EPROMs are best suited for mode 4 configuration, parallel 
EPROMs for mode 5. 


Board Setup 


Sockets El and E3 hold standard 64K-x-8 parallel EPROMs 
(e.g., AT 28C010), which can be used with configuration modes 
1, 2, or 5. Figure 3 shows how the socket is wired to the FPGA. 


Sockets E2 and E4 hold standard serial EPROMs (e.g., 
ATT1765), which can be used with configuration modes 3 or 4. 
Figure 4 shows how the socket is wired to the FPGA. 

The AT6000 Series configuration application note gives more 

detailed configuration requirements. When setting up the board 

for auto-configuration, make sure of three things: 

1. The configuration mode select switches are set to the proper 
value before power is applied to the board. 

2. The CS switch for the device being used is closed. 

3. If amode other than 4 or S is to be used, a configuration 
clock must be supplied by the user. Configuration is initi- 
ated by pulsing the CON pin low. 

In this setup, power is applied through the J15 jumper, or the 

board is installed into a PC bus. Make sure the mode switches 

are set and the programmed EPROM is properly installed before 
applying power to the host PC. 


DOWNLD /l<completepath>\<design name>.BST LPT1 /d <completepath>\design.cfg 


Figure 4. Parallel EPROM and Mode 5 Configuration 
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Figure 5. Serial EPROM and Mode 4 Configuration 
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EPROM Setup 


The Integrated Development System can generate a bit stream 
in the Intel HEX format, accepted by most EPROM program- 
mers. To generate a bit stream in HEX format, run the bit stream 
or cascade the program with the /h option: 
bitstream /g /h 
or 
bitstream <design name> /h 


See the Integrated Development System User’s Guide for more 
information. 


A Note About EPROMs 
and EEPROMs 


Virtually any EPROM with an access time faster than 500 ns 
and an active-low output enable control is suitable for storing 
configuration data. FPGA density and required configuration 
speed determine which EPROM is most appropriate. 


The amount of memory needed to hold configuration data in- 
creases as the FPGA gets larger. The AT6002 needs 2,676 bytes 
(21,408 bits) of storage capacity for full configuration; the 
AT6005 needs 8,077 bytes (64,616 bits). Compressed and 
partial-configuration bit streams use fewer bits and require less 
space. 


Atmel and other vendors carry suitable parallel EPROMs. 
AT&T and Xilinx offer serial EPROMs large enough for the 
AT6000 series. The ones from AT&T are reprogrammable; the 
ones from Xilinx are not (Table 2). All these EPROMsS are avail- 
able in “through-hole” DIPs and surface-mount packages. They 
can be programmed using industry-standard programmers, like 
those from DATA I/O Corporation. 


Table 2. Recommended EPROMs 


Part Number Size 


Parallel EEPROMs 
AT28C64 
AT28C256 
AT28C010 


8K x 8 
32K x 8 
128K x 8 


Serial EPROMs 


ATT1736 
ATT1765 
ATT17128 
XC-1736 
XC-1765 
XC-17128 


36K x 1 
65K x 1 
128K x 1 
36K x 1 
65K x 1 
128K x 1 


Xilinx 
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CMOS Programmable Logic Devices (PLDs) 
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Section 4 CMOS Gate Arrays 


ATL Series 4K-160K Gates 1.0-Micron CMOS Gate Array Series ................ 4-3 
ATL80 Series 14K-580K Gates 0.8-Micron CMOS Gate Array Series. ................ 4-15 
ATLV Series 1.4K-18K Gates Ultra Low Voltage CMOS Gate Array Series..... 4-27 
Gate Array Design 
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Gate Array Macrocell Index 
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Features 
¢ 1.0 » Drawn Gate Length High-performance CMOS Gate Arrays 
° All ATL Gate Arrays are Specified from 3.0 Volts to 5.5 Volts, for 


Standard and Low Voltage Applications 
¢ Design Translation of Existing ASIC Designs Provide for Easy 
Alternate Sourcing with Equivalent or Improved Performance 
¢ EPLD/FPGA Conversions to ATL Gate Array, Several EPLD and 
FPGA can be Combined into a Single Gate Array. 
¢ ATL C Version, Fine Pad Pitch Gate Arrays are Ideal for High I/O, 
Low Gate Count Designs (Commercial, Industrial Only) 
e ATL Gate Arrays can be Supplied Compliant to MIL-STD-883 
¢ Improved Product Testability Using Serial Scan, Boundary Scan, 


JTAG and Built-in-self-test 


ATL 
Series 
Gate 
Arrays 


Description 
The high-performance ATL Series CMOS gate arrays employ 1.0 -drawn, double- 
level metal, Si-gate, CMOS technology processed in Atmel's U.S.-based, advanced 
manufacturing facility. The arrays utilize an enhanced channelless architecture 
which results in greater than 50 percent usable gates. 
Atmel's flexible design system uses industry design standards and is compatible 
with popular CAD/CAE software and hardware packages. The customer can 
start designing with the ATL series today using existing CAD/CAE tools. 


ATL4 
ATL10 
ATL20 
ATL40 
ATL60 
ATL75 
ATL100 
ATL130 
ATL160 


Seesyeseacocaesccascercaeeee sea 
i4 Ss o eussENEs rene : 


mele: 
* 


Bhtessressyagyy 
44 
Aeaceaorratirnil, 


NI Aas erases ce seayee 


ATL7C 
ATL10C 
ATL15C 
ATL20C 
ATL35C 
ATL55C 
ATL75C 


MUTT) 


HT 
Lu 
BULLI 


iH 


i 
Ha 


——2 
baboon 1 
= 


TINT; 


mn 
inn 


f f 
HT 


Bi i 
aim 


| 


i 
Ii 


ANIMES 


ATL Array Organization 


Device 
Number 


Routable 
Gates 


Maximum 
Gates 


ATL4 
ATL10 
ATL20 
ATL40 
ATL60 
ATL75 
ATL100 
ATL130 
ATL160 


4,100 
10,000 
22,000 
40,000 
57,000 
72,000 
95,000 

131,000 
157,000 


2,600 

6,500 
12,000 
22,000 
30,000 
38,000 
50,000 
67,000 
80,000 


Max 1/O(1) 
Pins 


ATL C Array Organization - Fine Pad Pitch 


Routable 
Gates 


Maximum 
Gates 


Device 
Number 


ATL7C 
ATL10C 


7,000 
10,000 
15,000 
22,000 
35,000 
55,000 
75,000 


4,000 
6,000 
8,000 
12,000 
18,000 
29,000 
39,000 


ATL15C 
ATL20C 
ATL35C 
ATL55C 
ATL75C 


Notes: 


Max 1/O(1) cpeed 


Pins 


375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 
375 ps 


1. Absolute maximum 1/O pins is maximum pin count minus 8. Additional power and ground pins are assumed to be 


required to support simultaneous switching outputs as pin count increases. 


2. Nominal 2 input nand gate with a fan out of 2 
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Design Systems Supported 

Atmel supports the major CAE/CAD software systems 
with complete macro cell libraries (symbols, timing and 
function), as well as utilities for checking the netlist and 
accurate pre-route delay simulations. Atmel uses Cadence’s 
Verilog-XL as our golden simulator. The following design 
systems are supported: 


Cadence 
Valid 


Mentor Dazix 


Racal-Redac 


Viewlogic 
Synopsys 


Design Flow 

While Atmel provides four options for implementing a gate 
array design, they all have the same flow. Data base 
acceptance is the first milestone. This is when Atmel 
receives and accepts the complete design data base. 
Preliminary. design review is where the performance of the 
design is set based on the Cadence simulation. Final design 
review is the last review of the design before making masks. 
The back annotation datais incorporated into the simulations. 
After final design review masks are released and prototypes 
in ceramic packages are delivered. 
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ATL Gate Array Design Flow 


Gate Array 


Translation 


Customer Atmel Cell 
Library 


Customer ‘Pre m : 


Customer 


Customer Prototype Delivery 


Design Options 

Schematic Capture 

Schematic capture and simulation are performed by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 


VHDL/Verilog-HDL 

Atmel can accept Register Transfer level (RTL) designs for 
VHDL (MIL-STD-454, IEEE STD 1076) or Verilog-HDL 
format. Atmel fully supports Synopsys for VHDL simula- 
tion as well as synthesis. Design via VHDL or Verilog- 
HDL is the preferred method of performing a gate array 
design. 


ASIC Design Translation 
Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic, Oki, 
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Design 
FPGA/EPLD 


Atmel 


Atmel 


Atmel 


Atmel 


Atmel 


Atmel 


NEC, Fujitsu and others) into our ATL series gate arrays. 
These designs have been optimized for speed, gate count, 
modified to add logic or memory, or replicated for a pin- 
for-pin compatible, drop-in replacement. 


FPGA and EPLD Conversions 

Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx, Actel, Altera, 
AMD & Atmel) into our ATL series gate arrays. The 
design can be optimized for speed or power consumption, 
modified to add logic or memory or replicated for a pin-for- 
pin compatible, drop-in replacement. Atmel frequently 
combines several devices onto a single gate array. 
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ATL Series Cell Library 


Atmel’s ATL series gate arrays use cells from an 
accurately modeled and highly flexible library. The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 
at the transistor level and verified through measurements 
made on fabricated test arrays. Characterization has been 


Cell Guide 


Buffers and Inverters 


1x Buffer 

2x Buffer 

2x Buffer with Enable 
2x Buffer with Enable Low 
3x Buffer 

4x Buffer 

8x Buffer 

12x Buffer 

16x Buffer 

Delay Buffer 2.0 ns 
Delay Buffer 3.5 ns 
Delay Buffer 8.0 ns 


AND, NAND, OR, NOR Gates 


2 input AND 

2 input AND with High Drive 
3 input AND 

3 input AND with High Drive 
4 input AND 

4 input AND with High Drive 
5 input AND 

2 input NAND 

Dual 2-input NAND 

2 input NAND with High Drive 
3 input NAND 

3 input NAND with High Drive 
4 input NAND 

4 input NAND with High Drive 
5 input NAND 

5 input NAND with High Drive 
6 input NAND 

6 input NAND with High Drive 
8 input NAND 

8 input NAND with High Drive 


performed over the military temperature and voltage 
ranges, to ensure that the simulation accurately predicts 
the performance of the finished product. Atmel is 
continually expanding the ATL series cell library with both 
soft and hard macros. Check with your sales 
representative for the most recent additions. 


1x Inverter 

Dual 1x Inverter 
Quad 1x Inverter 
Quad Tri-state Inverter 
2x Inverter 

Dual 2x Inverter 

2x Tri-state Inverter 
3x Inverter 

4x Inverter 

8x Inverter 

10x Inverter 


2 input NOR 

Dual 2 input NOR 

2 input NOR with High Drive 
3 input NOR 

3 input NOR with High Drive 
4 input NOR 

4 input NOR with High Drive 
5 input NOR 

8 input NOR 

16 input NOR with High Drive 
2 input OR 

2 input OR with High Drive 
3 input OR 

3 input OR with High Drive 
4 input OR 

4 input OR with High Drive 
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Multiplexers 


2:1 MUX 

2:1 MUX with High Drive 

Inverting 2:1 MUX w/o Buffered Inputs 

Inverting 2:1 MUX w/o Buffered Inputs, High Drive 
2:1 MUX with Enable Low 

Quad 2:1 MUX with Enable 

Quad 2:1 MUX 

Inverting 3:1 MUX w/o Buffered Inputs 

Inverting 3:1 MUX w/o Buffered Inputs, High Drive 


4:1 MUX 

4:1 MUX w/o Buffered Inputs 

4:1 MUX w/o Buffered Inputs, High Drive 
5:1 MUX with High Drive 

8:1 MUX 

8:1 MUX with Enable Low 

8:1 MUX High Drive 


AND/OR, OR/AND Gates 


3 input AND OR INVERT 
3 input AND OR INVERT with High Drive 
4 input AND OR INVERT 
4 input AND OR INVERT with High Drive 
6 input AND OR INVERT 
6 input AND OR INVERT with High Drive 


3 input OR AND INVERT 

3 input OR AND INVERT with High Drive 

4 input OR AND INVERT 

4 input OR AND INVERT with High Drive 

8 input OR AND INVERT 

4 input OR AND INVERT with 2 inputs to AND 


Exclusive OR/NOR Gates 


1 bit Adder 

1 bit Adder with Buffered Outputs 
7 input Carry Lookahead 

2 input Exclusive OR 


2 input Exclusive OR with High Drive 
2 input Exclusive NOR 
2 input Exclusive NOR with High Drive 


2:4 Decoder 
2:4 Decoder with Low Enable 


3:8 Decoder with Low Enable 


Flip-flops/Latches 


D Flip-flop 

D Flip-flop with Clear/Preset 
D Flip-flop with Clear 

D Flip-flop with High Drive 

D Flip-flop with Reset 

D Flip-flop with Set 

D Flip-flop with Set/Reset 

JK Flip-flop 

JK Flip-flop with Clear/Preset 
JK Flip-flop with Clear 


LATCH 

LATCH with Complementary Outputs 
LATCH with Inverted Gate Signal 

QUAD LATBG with Common Gate Signal 
LATCH with High Drive 

QUAD Inverting LATCH 

LATCH with Reset 

LATCH with Set 

LATCH with Set and Reset 
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Scan Cells 


Set-scan Register Set-scan Register with Set 
Set-scan Register with Clear and Preset Set-scan Register with Set and Reset 
Set-scan Register with Reset 


/O Options 


Input, Output, Bidirectional, Tristate Output, Internal Clock Driver and Oscillator 

Output Drive Value Programmable from 2 mA to 24 mA in 2 mA increments with Slew Rate Control 
CMOS or TTL Operation 

Schmitt Trigger (Bidirectional, Input) 

Testable NAND Gate on Input (Bidirectional, Input) 

Inverting and Non-inverting Input Buffers (Bidirectional, Input) 

Pullup Resistor - 10K Q to 310K Q 

Pulldown Resistor - 3.5K Q to 108.5K Q 


74XX Series Soft Macros 
24 cells available 


HDL Macros - Available in Verilog-HDL or VHDL Simulation Models 
Function Group Available Cells 
37 


adder 

alu 

baud rate generator 
comparator 

counter 

fifo 
incrementor/decrementor 
mux 

parity/error correction 
scan 

shifter 

multipliers 
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CMOS/TTL Input Interface Characteristics 


Interface Logic High Logic Low Switchpoint 
CMOS 3.5 V Minimum 1.5 V Maximum Vadq/2 Typical 


TTL 2.0 V Minimum 0.8 V Maximum 1.4 V Typical 


Absolute Maximum Ratings* 


*NOTICE: Stresses beyond those listed under "Absolute Maximum 


Operating Temperature -55°C to +125°C Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
Storage Temperature -65°C to +150°C conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
Voltage on Any Pin conditions for extended periods may affect device reliability. 
with Respect to Ground ...............0064 -2.0 V to +7.0 V1 on 
; 1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V for 
Maximum Operating Voltage mia(einib io:oinye aa Sin wisn: * wo sisieieieina eres 6.0 V pulses of less than 20 ns. Maximum output pin voltage is Vdd +0.75 V 


de which may overshoot to +7.0 V for pulses of less than 20 ns. 


5.0 Volt DC Characteristics 
Applicable over recommended operating range from Tg = -55°C to +125°C, Vgq = 4.5 V to 5.5 V (unless otherwise noted) 
Symbol Parameter Test Condition 
NH Input Leakage High Vin = Vaa, Vag = 5.5 V 
Input Leakage Low (no pull-up) Vin = Vss, Vag = 5.5 V 
40K pull-up Vin = Vss, Vag = 5.5 V 
loz Output Leakage (no pull-up) 


los Output Short Circuit Current Vad = 5.5 V, Vout = Vad 10 50 100 mA 
(3 x Buffer)(2) Vag =5.5V, Vour=Vss _ -100 -50 -10 mA 


Vit TTL Input Low Voltage 
Vit CMOS Input Low Voltage 


Vin TTL Input High Voltage 
ViH CMOS Input High Voltage 


Vr TTL Switching Threshold Vag = 5.0 V, 25°C 
CMOS Switching Threshold Vag = 5.0 V, 25°C 


VoL Output Low Voltage lo. = as rated 
Output buffer has Vag = 4.5 V 
12 stages of drive 
capability with 2 mA Io, per stage. 


VoH Output High Voltage lon = as rated 0.7xVaq 4.2 
Output buffer has Vag = 4.5 V 
12 stages of drive 
capability with -2 mA lox per stage. 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximum of one second, is allowed. 
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3.3 Volt DC Characteristics 
Applicable over recommended operating range from Ta = -55°C to +125°C, Vg = 3.0 V to 3.6 V (unless otherwise noted) . 


ae Parameter Test Condition 
Input Leakage High Vin = Vaa, Vag = 3.6 V 
hie Input Leakage Low (no pull-up) Vin = Vss, Vag = 3.6 V -1 
40K pull-up Vin = Vss, Vag = 3.6 V boo -60 
Output Leakage (no pull-up) Vin = Vag Or Vss, Vag = 3.6 V -10 


= Output Short Circuit Current Vag = 3.6 V, Vout = Vag 
(3.x Buffer)(2) Vag = 3.6 V, Vout = Vss a = 7 


CMOS Input Low Voltage 0.3 x Vag 
CMOS Input High Voltage 0.7 x Vag V 


CMOS Switching Threshold Vag = 3.3 V, 25°C V 


Output Low Voltage lo. = as rated 
Output buffer has Vad = 3.0 V 
12 stages of drive 

capability with 1 mA Io, per stage. 


VoH Output High Voltage lon = as rated 
Output buffer has Vad = 3.0 V 
12 stages of drive 
capability with -1 mA Ioy per stage. 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximum of one second, is allowed. 


/O Buffer DC Characteristics 


Symbol Parameter Test Condition 


Cin Capacitance Input Buffer (Die) 5.0V,3.3V 
Cout Capacitance Output Buffer (Die) 5.0V,3.3V 


Cvo Capacitance Bi-Directional 5.0V,3.3V 6.6 pF 


Schmitt Trigger 
V+ TTL Positive Threshold 25°C, 5.0 V 
CMOS Positive Threshold 25°C, 5.0 V 
TTL Negative Threshold 25°C, 5.0 V 
CMOS Negative Threshold 25°C, 5.0 V 
TTL Hysteresis 25°C, 5.0 V 
CMOS Hysteresis 25°C, 5.0 V 
CMOS Positive Threshold 25°C, 3.3 V 
CMOS Negative Threshold 25°C, 3.3 V 
CMOS hystersis 25°C, 3.3 V 
/O Buffers 
¢ Programmable output drive The ATL series input/output ring contains the I/O buffer 
(2 to 24 mA Io,, -2 to -24 mA Ioy for 5.0 V circuitry capable of sourcing and sinking currents up to 
1 to 12 mA I g1, -1 to -12 mA Ioy for 3.3 V) 24 mA, and responds to CMOS or TTL logic levels. I/O 
¢ 3000 volts ESD protection locations on this ring can accommodate bidirectional cells. 


¢ Built-in configurable test logic 
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AC Characteristics 


Delay vs Vag Delay vs Fanout 
700 
600 
> 500 ok 
a A 
= 400 > 
a 300 8 
a 
2 ° 
a. 200 a. 
100 
0 
30 33 36 45 50 55 
Volts 
<= 3.3 Volts Vag <= 3.3 Volts Vag 
~ 5.0 Volts Vag ~@ 5.0 Volts Vgg 
NAND2 - 2 input NAND NAND2 - 2 input NAND 
Temp = 25°C Temp = 25°C 
FO=2 
Delay vs Temperature Output Buffer vs Load 
a ry 
~ = 
& > 
3 S&S 
2. 4 
© 2. 
o © 
a 


Temperature (°C) 
Capacitive Load (pF) 

3.3 Volts V 
= = << 3.3 Volts Vag 

5.0 Volts V 
ial . ~ 5.0 Volts Vag 
NAND2 - 2 input NAND 
FO=2 PDO4 - Output Buffer 8 mA 


Temp = 25°C 
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Design for Testability 

Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board & system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATL arrays support the Joint Test Action Group 
(JTAG) boundary scan architecture. The required soft and 
hard macros to implement IEEE 1149.1 compliant architec- 
ture are available in our macro cell library. Use of JTAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation (ATPG) via Synopsys Test Compiler. 
By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. This is the 
easiest and least expensive method for designing testability 
into a gate array design. 


Packaging Options 


PLCC 


| Package Type | PinCount 


Advanced Packaging 


Atmel supports a wide variety of standard packages for 
the ATL series, but also offers its ATL series gate arrays 
in packages that are custom designed to maintain the 
performance obtained in the silicon. 


All of Atmel's standard packages have been characterized 
for thermal and electrical performance. When a standard 
package can’t meet a customer's needs, Atmel's package 
design center can develop a package to precisely fit the 
application. The company has delivered custom-designed 
packages in a wide variety of configurations, including 
multichip modules and Tape Automated Bonding (TAB) 
packages. Atmel's domestic packaging facility 
manufactures commercial, industrial, Class B and modified 
Class S level product. 
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Military Product Flow Chart 
MIL-STD-883 Class B 


SPC, QC Monitors 


SPC, QC Monitors Saw, Die Attach and Wire Bond 


internal Visual Method 2010 
Cendition B Mechanical Tests 


SPC, QC Monitors 
Method 2011 and Method 2019 


QC Monitors Seal and Topside Mark 


Environmental Preconditioning 
Temperature Cycling Method 1010 Condition C 


Constant Acceleration Method 2001 Condition E 
Fine and Gross Leak Method 1014 


QA Monitors Pre Burn-in Electrical Screening 
Burn-in Method 1015 Condition B 


100% Final Electrical Screening 


PDA=5% at +25°C 


-55°C, +125°C 


100% Exte mal Visual Method 2003 


Group A and B Inspection Method 5005 
Review Groups C and D Quality 


Conformance Inspection Documentation 


QA Pre-Ship Inspection 


Actel, Altera, AMD, Cadence, DAZIX, Fujitsu, LSI Logic, Mentor, NEC, Oki, Racal-Redac, Synopsys, Valid, Verilog-XL, Viewlogic, and 


Xilinx may be registered trademarks of others. 
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Features 

© 0.8 » drawn gate length combined with triple level metal provides 
outstanding speed/density performance. 

© All ATL80 arrays can operate at 5.0 volts and 3.3 voits for low- 
power applications. The ATL80 series can also operate in a mixed 
voltage environment. 

® Design translation of existing ASIC, FPGA and PLD designs 
provide for easy alternate sourcing with equivalent performance. 

® Product testability is improved using techniques such as serial 
and boundary scan, ATPG, built-in self test and JTAG. 

© ATL80 arrays can be screened to MIL-STD-883. 


Description 

The high-performance ATL80 Series CMOS gate arrays offer superior system 
performance, flexibility, testability and board utilization. The ATL80 gate arrays 
employ an advanced technology 0.8 p-drawn, triple-level metal, Si-gate, CMOS 
technology processed in a U.S.-based, manufacturing facility. 


Atmel's efficient routing scheme combined with tight spacing for three metal 
layers allows Atmel to provide more gates and faster speeds. With fine pitch 
bond pads as a standard feature, high I/O gate arrays can easily be accommodated. 
The ATL80 gate array can have a 3.3 volt or 5.0 volt core, combined with a 3.3 
volt and/or 5.0 volt I/O on the same chip. Atmel's I/O can be personalized to 
accept a 5.0 volt input signal into a 3.3 volt buffer. 


Atmel's flexible design system uses industry design standards and is compatible 
with popular CAD/CAE software and hardware packages. The 0.8 1 macro cell 
libraries are upward compatible with the existing 1.0 p libraries and design utilities. 
The customer can start designing with the ATL80 series today using existing 
CAD/CAE tools. 


ATL80 Array Organization 


Max Pin MaxlW//O Gate(1) 

Count Pins Speed 
256 ps 
256 ps 
256 ps 


Routable 
Gates 


Device Raw 

Number Gates 
ATL80/15 
ATL80/25 
ATL80/40 


17,000 
26,000 
39,000 


10,200 100 92 
15,600 120 112 
23,400 144 136 


ATL80/50 50,000 30,000 160 152 256 ps 
ATL80/75 75,000 45,000 184 176 256 ps 


ATL80/95 94,000 60,000 208 192 256 ps 
ATL80/150 150,000 75,000 256 236 256 ps 


ATL80/220 220,000 110,000 304 280 256 ps 
ATL80/280 280,000 140,000 340 310 256 ps 


175,000 380 350 
225,000 424 384 
300,000 480 440 


ATL80/350 
ATL80/450 
ATL80/600 


350,000 
450,000 
600,000 


1. Nominal 2 Input Nand Gate With a Fan Out of 2 
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256 ps 
256 ps 
256 ps 


Note: 


ATL80 
Series 
Gate 
Arrays 

0.8 Micron 


ATL80/15 
ATL80/25 
ATL80/40 
ATL80/50 
ATL80/75 
ATL80/95 
ATL80/150 
ATL80/220 
ATL80/280 
ATL80/350 
ATL80/450 
ATL80/600 
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ATL80 Design 


Design Systems Supported 

The ATL80 gate arrays are supported on the same design 
systems as our 1.0. ATL gate arrays. Atmel supports the 
major CAE/CAD software systems with complete macro 
cell libraries (symbols, timing and function), as well as 
utilities for checking the netlist and accurate pre-route 
delay simulations. Atmel uses Cadence’s Verilog-XL as 
our golden simulator. The following design systems are 


Design Flow 

The design flow forthe ATL80 gate arrays is the same as the 
1.0 ATL gate arrays. While Atmel provides four options 
for implementing a gate array design, they all have the same 
flow. Data base acceptance is the first milestone. This 
occurs when Atmel receives and accepts the complete 
design data base. Preliminary design review occurs when 
the performance of the design is set based on the Cadence 


supported: simulation. Final design review is the last review of the 
Cadence/Composer Viewlogic design before making masks. The back annotation data is 
Cadence/Concept Synopsys incorporated into the simulations. After final design review 
Mentor Dazix masks are released and prototypes, in ceramic packages, are 
delivered. 
ATL80 Gate Array Design Flow 
Design 
Gate Array 
Atmel Cell Synthesis | FPGA/EPLD 
Customer Library en " -VHDL Conversions Atmel 
-Verilog-HDL 
Data Base Acceptance Atmel 
Simulation 
Customer Preliminary Design Review Atmel 
Physical Design, Simulation 
and Verification Atmel 
Customer Final Design Review Atmel 
Customer Prototype Delivery Atmel 
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Design Options 

Schematic Capture 

Schematic capture and simulation are performed by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 


VHDL/Verilog-HDL 

Atmel can accept Register Transfer Level (RTL) designs 
for VHDL (MIL-STD-454, IEEE STD 1076) or Verilog- 
HDL format. Atmel fully supports Synopsys for VHDL 
simulation as well as synthesis. Design via VHDL or 
Verilog-HDL is the preferred method of performing a gate 
array design. 


ASIC Design Translation 
Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic, Oki, 


NEC, Fujitsu, AMI and others) into our gate arrays. These 
designs have been optimized for speed, gate count, modi- 
fied to add logic or memory, or replicated for a pin-for-pin 
compatible, drop-in replacement. 


FPGA and EPLD Conversions 

Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx, Actel, Altera, 
AMD & Atmel) into our gate arrays. The design can be 
optimized for speed or power consumption, modified to 
add logic or memory or replicated for a pin-for-pin com- 
patible, drop-in replacement. Atmel frequently combines 
several devices onto a single gate array. 
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ATL80 Series Cell Library 


Atmel’s ATL80 series gate arrays use cells from an 
accurately modeled and highly flexible library. The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 
at the transistor level and verified through measurements 
made on fabricated test arrays. Characterization has been 


Cell Guide 


Buffers and Inverters 


1x Buffer 

2x Buffer 

2x Buffer with Enable 
2x Buffer with Enable Low 
3x Buffer 

4x Buffer 

8x Buffer 

12x Buffer 

16x Buffer 

Delay Buffer 1.5 ns 
Delay Buffer 2.1 ns 
Delay Buffer 6.0 ns 


AND, NAND, OR, NOR Gates 


2 input AND 

2 input AND with High Drive 
3 input AND 

3 input AND with High Drive 
4 input AND 

4 input AND with High Drive 
5 input AND 

2 input NAND 

Dual 2-input NAND 

2 input NAND with High Drive 
3 input NAND 

3 input NAND with High Drive 
4 input NAND 

4 input NAND with High Drive 
5 input NAND 

5 input NAND with High Drive 
6 input NAND 

6 input NAND with High Drive 
8 input NAND 

8 input NAND with High Drive 


performed over the military temperature and voltage 
ranges to ensure that the simulation accurately predicts 
the performance of the finished product. Atmel is 
continually expanding the ATL80 series cell library with 
both soft and hard macros. Check with your sales 
representative for the most recent additions. 


1x Inverter 

Dual 1x Inverter 
Quad 1x Inverter 
Quad Tristate Inverter 
2x Inverter 

Dual 2x Inverter 

2x Tri-state Inverter 
3x Inverter 

4x Inverter 

8x Inverter 

10x Inverter 


2 input NOR 

Dual 2 input NOR 

2 input NOR with High Drive 
3 input NOR 

3 input NOR with High Drive 
4 input NOR 

4 input NOR with High Drive 
5 input NOR 

8 input NOR 

16 input NOR with High Drive 
2 input OR 

2 input OR with High Drive 
3 input OR 

3 input OR with High Drive 
4 input OR 

4 input OR with High Drive 
5 input OR 
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Multiplexers 


2:1 MUX 

2:1 MUX with High Drive 

Inverting 2:1 MUX w/o Buffered Inputs 

Inverting 2:1 MUX w/o Buffered Inputs, High Drive 
2:1 MUX with Enable Low 

Quad 2:1 MUX with Enable Low 

Quad 2:1 MUX 

Inverting 3:1 MUX w/o Buffered Inputs 

Inverting 3:1 MUX w/o Buffered Inputs, High Drive 


4:1 MUX 

4:1 MUX w/o Buffered Inputs 

4:1 MUX w/o Buffered Inputs, High Drive 
5:1 MUX with High Drive 

8:1 MUX 

8:1 MUX with Enable Low 

8:1 MUX High Drive 


AND/OR, OR/AND Gates 


3 input AND OR INVERT 
3 input AND OR INVERT with High Drive 
4 input AND OR INVERT 
4 input AND OR INVERT with High Drive 
6 input AND OR INVERT 
6 input AND OR INVERT with High Drive 


3 input OR AND INVERT 

3 input OR AND INVERT with High Drive 

4 input OR AND INVERT 

4 input OR AND INVERT with High Drive 

8 input OR AND INVERT 

4 input OR AND INVERT with 2 inputs to AND 


Exclusive OR/NOR Gates 


1 bit Adder 

1 bit Adder with Buffered Outputs 
7 input Carry Lookahead 

2 input Exclusive OR 


2 input Exclusive OR with High Drive 
2 input Exclusive NOR 
2 input Exclusive NOR with High Drive 


2:4 Decoder 
2:4 Decoder with Enble Low 


3:8 Decoder with Enable Low 


Flip-flops/Latches 


D Flip-flop 

D Flip-flop with Clear/Preset 
D Flip-flop with Clear 

D Flip-flop with High Drive 
D Flip-flop with Reset 

D Flip-flop with Set 

D Flip-flop with Set/Reset 
JK Flip-flop 

JK Flip-flop with Clear 


LATCH 

LATCH with Complementary Outputs 
LATCH with Inverted Gate Signal 

QUAD LATBG with Common Gate Signal 
LATCH with High Drive 

QUAD Inverting LATCH 

LATCH with Reset 

LATCH with Set 

LATCH with Set and Reset 


4-19 


Cell Guide 


Set-scan Flip-flop Set-scan Flip-flop with Reset 


/O Options 


Input, Output, Bidirectional, Tristate Output, Internal Clock Driver and Oscillator 


Output Drive Value Programmable from 2 mA to 24 mA in 2 mA increments with Slew Rate Control 


CMOS or TTL Operation 


Schmitt Trigger (Bidirectional, Input) 


Testable NAND Gate on Input (Bidirectional, Input) 


Inverting and Non-inverting Input Buffers (Bidirectional, Input) 


Pullup Resistor - 10K Q to 310K Q 


Pulldown Resistor - 3.5K Q to 108.5K Q 


74XX Series Soft Macros 
24 cells available 


HDL Macros - Available in Verilog-HDL or VHDL Simulation Models 
Function Group Available Cells 
37 


adder 


alu 29 
baud rate generator 3 

comparator 18 
counter 27 
fifo 56 


incrementor/decrementor 
mux 


parity/error correction 15 
scan 31 
shifter 9 


multipliers 
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CMOS/TTL Input Interface Characteristics 
Logic High Logic Low Switchpoint 


3.5 V Minimum 1.5 V Maximum Vpp/2 Typical 
2.0 V Minimum 0.8 V Maximum 1.4 V Typical 


Absolute Maximum Ratings* 
*NOTICE: Stresses beyond those listed under "Absolute Maximum 


Operating Temperature -55°C to +125°C Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
Storage Temperature -65°C to +150°C conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
Voltage on Any Pin conditions for extended periods may affect device reliability. 
with Respect to Ground ................. 2.0 V to +7.0 V(1) — 
; ; 1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V for 
Maximum Operating Voltage 0 cee 01081000600 neniccvcicecccecese 6.0 V pulses of less than 20 ns. Maximum output pin voltage is Vpp +0.75 V 


de which may overshoot to +7.0 V for pulses of less than 20 ns. 


Applicable over recommended operating range from Tg = -55°C to +125°C, Vpp=4.5 V to 5.5 V (unless otherwise noted) 


5.0 Volt DC Characteristics 4 


Symbol Parameter Test Condition 
Input Leakage High Vin =Vop, Vop = 5.5 V 


Input Leakage Low (no pull-up) Vin = Vss, Vop = 5.5 V 
40K pull-up Vin = Vss, Vpp = 5.5 V 


Output Leakage (no pull-up) Vin = Vpp or Vss, Vpp = 5.5 V-10 0.01 


Output Short Circuit Current Vpop = 5.5 V, Vout = Vop 10 50 
(3 x Buffer)(2) Vpp = 5.5V, Vour=Vss __ -100 -50 


TTL Switching Threshold Vop = 5.0 V, 25°C 
CMOS Switching Threshold Vpp = 5.0 V, 25°C 
Output Low Voltage lo, = as rated 
Output buffer has Vop = 4.5 V 

12 stages of drive 


capability with 2 mA Io, per stage. 


VoH Output High Voltage lon = as rated 07xVpp 42 
Output buffer has Vpop = 4.5 V 
12 stages of drive 
capability with -2 mA lox per stage. 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximum of one second, is allowed. 
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3.3 Volt DC Characteristics 
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Applicable over recommended operating range from Tg =-55°C to +125°C, Vpp=3.0 V to 3.6 V (unless otherwise noted) 


Symbol Parameter 

NH Input Leakage High 

Nie Input Leakage Low (no pull-up) 
40K pull-up 

loz Output Leakage (no pull-up) 


los Output Short Circuit Current 
(3 x Buffer)(2) 


Test Condition Min 
Vin = Vop, Vop = 3.6 V 


Vin = Vss, Vop = 3.6 V -10 
Vin = Vss, Vop = 3.6 V -200 


Vin = Vpp or Vss, Vop = 3.6 V-10 


Vop = 3.6 V, Vout = Vop 5 
Vop = 3.6 V, Vout = Vss -60 


Typ 
0.01 


0.01 
-60 
0.01 


25 
-25 -5 


CMOS Input Low Voltage 0.3 x Vop 
CMOS Input High Voltage 0.7 x Vop V 


CMOS Switching Threshold 


Output Low Voltage 

Output buffer has 

12 stages of drive 

capability with 1 mA Io. per stage. 


Output High Voltage 
Output buffer has 
12 stages of drive 


o 


VoH 


capability with -1 mA Ion per stage. 


Note: 


Vpp = 3.3 V, 25°C 


lo. = as rated 
Vpp = 3.0 V 


lon = as rated 
Vpop = 3.0 V 


one output shorted at a time, for a maximum of one second, is allowed. 


/O Buffer DC Characteristics 


_— Parameter 


Test Condition Min 


V 


2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 


Typ Max Units 


Capacitance, Input Buffer (Die) 5.0V,3.3V 


Capacitance, Output Buffer (Die) 
a Capacitance, Bi-Directional 
Schmitt Trigger 
V+ TTL Positive Threshold 


CMOS Positive Threshold 


TTL Negative Threshold 
CMOS Negative Threshold 


TTL Hysteresis 
CMOS hysteresis 


CMOS Positive Threshold 
CMOS Negative Threshold 
CMOS hysteresis 


VO Buffers 
© Programmable output drive 
(2 to 24 mA Ipo,, -2 to -24 mA Io for 5.0 V 
1 to 12 mA I oz, -1 to-12 mA Ioy for 3.3 V) 
® 3,000 volts ESD protection 
© Built-in configurable test logic 
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§.0V,3.3V 
5.0V,3.3V 


25°C, 5.0 V 
26°C, 5.0 V 


25°C, 5.0 V 
25°C, 5.0 V 


25°C, 5.0 V 
25°C, 5.0 V 


25°C, 3.3 V 
25°C, 3.3 V 
25°C, 3.3 V 


2.4 
5.6 


The ATL80 series input/output ring contains the I/O buffer 
circuitry capable of sourcing and sinking currents up to 
24 mA, and responds to CMOS or TTL logic levels. All 
outputs can be switched to a high impedance state. I/O 
locations on this ring can accommodate bidirectional cells. 


ATL80 


AC Characteristics 
Delay vs Vcc Delay vs Fanout 


0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

0 


3.0 33 36 45 50 55 


Prop Delay (ps) 
Prop Delay (ns) 


Voits Fanout 
@ 3.3 Volts Vag 


~~ 3.3 Volts Vag 


++ 5.0 Volts Vag + 5.0 Volts Vag 


2 input NAND 2 input NAND 
Temp = 25°C Temp = 25°C 
FO=2 
Delay vs Temperature Output Buffer vs Load 

0.6 10 
— O85 
cs q ° 
s 04 = 
4 3 6 
a 
° 0.3 = 
- . 

0.2 a. 4 

0.1 2 

° 0 
-55 25 125 
10 25 50 100 
Temperature (°C) 
Capacitive Load (pF) 


Volts V 
= os o ~~ 3.3 Volts Vag 


Volts V 
= ane ™ = 5.0 Volts Vag 
2 input 


FO=2 PDO4 - Output Buffer 8 mA 
Temp = 25°C 
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Design for Testability 

Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board and system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATL80 arrays support the Joint Test Action Group 
(JTAG) boundary scan architecture. The required soft and 
hard macros to implement IEEE 1149.1 compliant architec- 
ture are available in our macro cell library. Use of JTAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation (ATPG) via Synopsys Test Compiler. 
By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. This is the 
easiest and least expensive method for designing testability 
into a gate array design. 


Packaging Options 


Advanced Packaging 

Atmel supports a wide variety of standard packages for the 
ATL80 series, but also offers its ATL80 series gate arrays 
in packages that are custom designed to maintain the 
performance obtained in the silicon. 


All of Atmel's standard packages have been characterized 
for thermal and electrical performance. When a standard 
package can’t meet a customer's needs, Atmel's package 
design center can develop a package to precisely fit the 
application. The company has delivered custom-designed 
packages in a wide variety of configurations, including 
Tape Automated Bonding (TAB) packages. Atmel's 
domestic packaging facility manufactures commercial, 
industrial, Class B and modified Class S level product. 
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68, 100, 120, 128, 144, 160, 184, 208, 224, 256, 292, 304, 338, 340, 360, 380, 424, 480 


| PQFP 44, 52, 64, 80, 100, 120, 128, 132, 144, 160, 184, 208, 240, 304 


Military Product Flow Chart 
MIL-STD-883 Class B 


SPC, QC Monitors Wafer Fabrication 
SPC, QC Monitors Wafer Sort Electrical Test 
SPC, QC Monitors Saw, Die Attach and Wire Bond 


Internal Visual Method 2010 Condition B 


SPC, QC Monitors Mechanical Tests 


Method 2011 and Method 2019 


QC Monitors Seal and Topside Mark 


Environmental Preconditioning 
Temperature Cycling Method 1010 Condition C 


QC Monitors 


Constant Acceleration Method 2001 Condition E 
Fine and Gross Leak Method 1014 


QA Monitors Pre Burn-in Electrical Screening 
QA Monitors Burn-In Method 1015 Condition B 


100% Final Electrical Screening 


SPC PDA=5% at +25°C 
-55°C, +125°C 


QA Monitors 100% External Visual Method 2009 


Group A and B Inspection Method 5005 


Review Groups C and D Quality 
Conformance Inspection Documentation 


QA Pre-Ship Inspection 


Actel, Altera, AMD, AMI, Cadence, DAZIX, Fujitsu, LSI Logic, Mentor, NEC, Oki, SPICE, Synopsys, Verilog-XL, Viewlogic, and Xilinx may 


be registered trademarks of others. 
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Features 

° Specifically Designed for Battery Powered Applications 

1.0 - 3.0 Volts and will Operate from 0.7 to 5.5 Volts 

Static Current Drain of <75 nA at 1.0 Volts 

200 MHz Maximum Toggle Frequency for Flip Flop at 1.5 Volts 

1.0 1. Drawn Gate Length CMOS Gate Arrays 

All Package Styles Offered Including TQFP and TAB 

Improved Product Testability Using Serial Scan, Boundary Scan, 

and JTAG 

¢ Second Source Existing ASIC Design in Atmel's ATLV via Design 
Translation. Improved Performance and Lower Cost 


Description 

The ATLV Series CMOS gate arrays employ 1.0 u-drawn, double-level metal, 
Si-gate, CMOS technology processed in Atmel's U.S.-based, advanced 
manufacturing facility. The arrays utilize an enhanced channelless architecture 
which results in greater than 50 percent usable gates. 


Atmel's flexible design system uses industry design standards and is compatible 
with popular CAD/CAE software and hardware packages. The customer can 
start designing with the ATLV series today using existing CAD/CAE tools. 


ATLV Array Organization 


Device Raw Routable Max Pin Max 1/O(1) Gate(2) 
Number Gates Gates Count Pins Speed 


ATLV2 2,000 1,400 44 36 1.3 ns 
ATLV3 3,000 1,600 1.3 ns 


68 60 
ATLV5 5,000 2,800 84 76 1.3 ns 
100 92 


ATLV7 7,000 4,400 1.3 ns 


ATLV10 10,000 6,600 120 112 1.3 ns 
ATLV15 15,000 8,000 144 136 1.3 ns 
ATLV20 22,000 12,000 160 152 1.3 ns 
ATLV35 35,000 18,000 208 192 1.3 ns 


Notes: 1. Absolute maximum I/O pins is maximum pin count minus 8. Additional power 
and ground pins are assumed to be required to support simultaneous 
switching outputs as pin count increases. 

2. Nominal 2 input nand gate with a fan out of 2 at 1.5 volts, room temperature. 


ATLV Series 
Ultra Low 
Voltage 
Gate Arrays 


ATLV2 
ATLV3 
ATLV5 
ATLV7 

ATLV10 
ATLV15 
ATLV20 
ATLV35 
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ATLV Design 


Design Systems Supported 

Atmel supports the major CAE/CAD software systems 
with complete macro cell libraries (symbols, timing and 
function), as well as utilities for checking the netlist and 
accurate pre-route delay simulations. Atmel uses Cadence’s 
Verilog-XL as our golden simulator. Design systems 
which are supported include Cadence, Viewlogic, Mentor, 
Dazix and Synopsys. 


Design Flow 

While Atmel provides four options for implementing a gate 
array design, they all have the same basic flow. Data base 
acceptance is the first milestone. This is when Atmel 
receives and accepts the complete design data base. 
Preliminary design review is where the performance of the 
design is set based on the Cadence simulation. Final design 
review is the last review of the design before making masks. 
The back annotation datais incorporated into the simulations. 
After final design review masks are released and prototypes 
in ceramic packages are delivered. 


Design Options 

Schematic Capture 

Schematic capture and simulation are performed by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 

VHDL/Verilog-HDL 

Atmel can accept Register Transfer level (RTL) designs for 
VHDL (MIL-STD-454, IEEE STD 1076) or Verilog-HDL 
format. Atmel fully supports Synopsys for VHDL simula- 
tion as well as synthesis. Design via VHDL or Verilog- 
HDL is the preferred method of performing a gate array 
design. 

ASIC Design Translation 

Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic, Oki, 
NEC, Fujitsu and others) into our gate arrays. These 
designs have been optimized for speed, gate count, modi- 
fied to add logic or memory, or replicated for a pin-for-pin 
compatible, drop-in replacement. 


ATLV Gate Array Design Flow 


Gate Array 
Customer gt Design 
Translation 


Data Base Acceptance 
Simulation 
and Verification 
Customer Preliminary Design Review 
Physical Design, Simulation 
and Verification 
Customer Final Design Review 
Customer Prototype Delivery 
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Design 
Synthesis | FPGA/EPLD 
-VHDL Conversions Atmel 
-Verilog-HDL 


Atmel 


Atmel 


Atmel 


Atmel 


Atmel 


Atmel 


FPGA and EPLD Conversions 

Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx, Actel, Altera, 
AMD & Atmel) into our gate arrays. The design can be 
optimized for speed or power consumption, modified to 
add logic or memory or replicated fora pin-for-pin compat- 
ible, drop-in replacement. Atmel frequently combines 
several devices onto a single gate array. 


ATLV Series Cell Library 


Atmel’s ATLV series gate arrays use cells from an 
accurately modeled and highly flexible library. The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 


Cell Guide 


Buffers and Inverters 


1x Buffer 

2x Buffer 

2x Buffer with Enable 
2x Buffer with Enable Low 
3x Buffer 

4x Buffer 

8x Buffer 

12x Buffer 

16x Buffer 

Delay Buffer 2.0 ns 
Delay Buffer 3.5 ns 
Delay Buffer 8.0 ns 


AND, NAND, OR, NOR Gates 


2 input AND 
3 input AND 
4 input AND 


5 input AND 

2 input NAND 

Dual 2-input NAND 
3 input NAND 

4 input NAND 

5 input NAND 

6 input NAND 

8 input NAND 


Multiplexers 


2:1 MUX 

Inverting 2:1 MUX w/o Buffered Inputs 
Inverting 2:1 MUX w/o Buffered Inputs 
2:1 MUX with Enable Low 

Quad 2:1 MUX with Enable 

Quad 2:1 MUX 

Inverting 3:1 MUX w/o Buffered Inputs 
Inverting 3:1 MUX w/o Buffered Inputs 


at the transistor level and verified through measurements 
made on fabricated test arrays. The symbols for the ATLV 
cell library are compatible with Atmel's ATL (1.0 p 3.3 
and 5.0 V) and ATL80 (0.8 1 3.3 and 5.0 V) cell libraries. 
Existing designs can be easily migrated to the ATLV 
series. Characterization has been performed over 
commercial temperature and 1.0 to 3.0 volts, to ensure 
that the simulation accurately predicts the performance 
of the finished product. Atmel is continually expanding 
the ATLV series cell library with both soft and hard 
macros. Check with your sales representative for the most 
recent additions. 


1x Inverter 

Dual 1x Inverter 
Quad 1x Inverter 
Quad Tri-state Inverter 
2x Inverter 

Dual 2x Inverter 

2x Tri-state Inverter 
3x Inverter 

4x Inverter 

8x Inverter 

10x Inverter 


2 input NOR 
Dual 2 input NOR 
3 input NOR 

4 input NOR 

5 input NOR 

8 input NOR 

2 input OR 

3 input OR 

4 input OR 


4:1 MUX 

4:1 MUX w/o Buffered Inputs 
4:1 MUX w/o Buffered Inputs 
8:1 MUX 

8:1 MUX with Enable Low 
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AND/OR, OR/AND Gates 


3 input AND OR INVERT 3 input OR AND INVERT 
4 input AND OR INVERT 4 input OR AND INVERT 
6 input AND OR INVERT 8 input OR AND INVERT 


Exclusive OR/NOR Gates 


1 bit Adder 2 input Exclusive OR 
1 bit Adder with Buffered Outputs 2 input Exclusive NOR 
7 input Carry Lookahead 


2:4 Decoder 3:8 Decoder with Low Enable 
2:4 Decoder with Low Enable 


Flip-flops/Latches 


D Flip-flop LATCH 

D Flip-flop with Clear/Preset LATCH with Complementary Outputs 

D Flip-flop with Clear LATCH with Inverted Gate Signal 

D Flip-flop with Reset QUAD LATBG with Common Gate Signal 
D Flip-flop with Set QUAD Inverting LATCH 

D Flip-flop with Set/Reset LATCH with Reset 

JK Flip-flop LATCH with Set 

JK Flip-flop with Clear/Preset LATCH with Set and Reset 

JK Flip-flop with Clear 


Scan Cells 


Set-scan Register Set-scan Register with Set 
Set-scan Register with Clear and Preset Set-scan Register with Set and Reset 
Set-scan Register with Reset 


/O Options 


Input, Output, Bidirectional, Tristate Output, Internal Clock Driver and Oscillator 

Output Drive Value Programmable from 0.5 mA to 6 mA in 0.5 mA increments with Slew Rate Control 
CMOS Operation 

Testable NAND Gate on Input (Bidirectional, Input) 

Inverting and Non-inverting Input Buffers (Bidirectional, Input) 

Pullup Resistor - 10K Q to 310K Q 

Pulldown Resistor - 3.5K Q to 108.5K Q 


CMOS Input Interface Characteristics 
Logic High 


0.90 Vpp 


Logic Low Switchpoint 


0.1 Vop Vpp /2 Typical 


Absolute Maximum Ratings* 


Operating Temperature 
Storage Temperature 


Voltage on Any Pin 


with Respect to Ground ................... .-2.0 V to +5.5 V1 


Maximum Operating Voltage ...................00. 


1.5 Volt DC Characteristics 


Selias 5.5 V 


*NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


Notes: 

1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vpp + 0.75V dc which may overshoot to +7.0 V for pulses of less 
than 20 ns. 


Applicable over recommended operating range from Tg = -40°C to +85°C, Vpp = 1.0 V to 3.0 V (unless otherwise noted) 


Symbol Parameter 
he Input Leakage High 
lie Input Leakage Low 
(no pull-up) 
loz Output Leakage (no pull-up) 


los » Output Short Circuit Current 
(3 x Buffer)(2) 


Vit CMOS Input Low Voltage 
Vin CMOS Input High Voltage 


Vr CMOS Switching Threshold 


VoL Output Low Voltage 
Output buffer has 
12 stages of drive capability 
with 0.5 mA Io, per stage. 


Output High Voltage 

Output buffer has 

12 stages of drive capability 
with -0.5 mA Ion per stage. 


Static Current 
Input Leakage Low 
(no pull-up) 


Test Condition 
Vin=Vpp, Vpop=1.8 V 
Vin=Vss, Vpp=1.8 V 


Vin=Vpp or Vss, Vpp=3.6 V 


Vpp=1.8 V, Vout=Vpp 
Vpp=1.8 V, Vout=Vss 


Vpp=1.5 V, 25°C 


lo_=as rated 
Vpp=1.5 V 


lon=as rated 
Vpp=1.5 V 


Note: 2. This is the specification for the 3 x Output Buffer. Output short circuit current for other outputs will scale accordingly. Not more 
than one output shorted at a time, for a maximum of one second, is allowed. 
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AC Characteristics 
Delay vs Vpp Delay vs Fanout 
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/O Buffer DC Characteristics 


Symbol 
Cin Capacitance Input Buffer (Die) 


Test Condition 
1.5V 
1.5V 
1.5V 


Parameter 


CouT Capacitance Output Buffer (Die) 


Cvo Capacitance Bi-Directional 


/O Buffers 
© Programmable output drive 

0.5 to6 mA I oz, -4.5 to -6 mA Ipy; for 1.5 V) 
® 3000 volts ESD protection 


The ATLV series input/output ring contains the I/O buffer 
circuitry capable of sourcing and sinking currents up to 6 
mA, and responds to CMOS logic levels. I/O locations 
on this ring can accommodate bidirectional cells. 


Design for Testability 

Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board & system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATLV arrays support the Joint Test Action Group 
(JTAG) boundary scan architecture. The required soft and 
hard macros to implement IEEE 1149.1 compliant architec- 
ture are available in our macro cell library. Use of JTAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation (ATPG) via Synopsys Test Compiler. 


Packaging Options 


Package Type 


PQFP 
TQFP 
PLCC 
TAB 

CPGA 
CQFP 


20, 28, 32, 44, 52, 68, 84 


By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. This is the 
easiest and least expensive method for designing testability 
into a gate array design. 


Advanced Packaging 


Atmel supports a wide variety of standard packages for 
the ATLV series, but also offers its ATLV series gate 
arrays in packages that are custom designed to maintain 
the performance obtained in the silicon. All of Atmel's 
standard packages have been characterized for thermal and 
electrical performance. 


When a standard package can’t meet a customer's needs, 
Atmel's package design center can develop a package to 
precisely fit the application. The company has delivered 
custom-designed packages in a wide variety of 
configurations, including Tape Automated Bonding (TAB) 
packages. Atmel's domestic packaging facility 
manufactures commercial, industrial and Class B. 


44, 52, 64, 80, 100, 120, 128, 132, 144, 160, 184, 208, 240, 304 
44, 48, 52, 64, 80, 100, 120, 128, 144, 160, 176, 216 


68, 100, 120, 128, 144, 160, 184, 208, 224, 256, 292, 304, 338, 340, 360, 380, 424, 480 


64, 68, 84, 100, 124, 144, 155, 180, 223, 224, 299, 391 


64, 68, 84, 100, 120, 132, 144, 160, 224, 340 


Cadence, DAZIX, Mentor, Synopsys, Verilog-XL, Viewlogic, and Xilinx may be registered trademarks of others. 
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Introduction 

Atmel provides one of the most flexible ASIC design systems in the industry. The 
company recognizes that customers develop gate arrays in a variety of different 
methodologies. Atmel has four different techniques for design interface: 


Design with an Atmel Cell Library on a broad range of industry standard 
platforms and CAE/CAD Tools 


Conversion of existing FPGA/PLD designs into Atmel gate Gate Array 
arrays for improved performance or drop-in replacements 


Design 


Translation of existing Gate Arrays/Standard Cells into Atmel 
gate arrays for improved performance or drop-in replacements 


Design Synthesis via VHDL or Verilog-HDL 


Many customers perform schematic capture and simulation using an Atmel supplied 
macro cell library. Atmel supports most popular third party design tools with 
complete cell libraries. Atmel can also translate existing gate array/standard cell 
designs and deliver parts that are pin-for-pin compatible drop-in replacements. 
Atmel can support the customer with optimization, improved performance (speed), 
orincreased logic and memory. Many customers now prototype using programmable 
logic (FPGA/PLD). Atmel can convert Actel™, Altera™, Atmel and Xilinx™ 
FPGAs/PLDs into gate arrays with equivalent or improved performance. And finally 
Atmel can accept RTL (Register Transfer Level) designs in VHDL (MIL-STD- 
454L, IEEE-STD-1076) or Verilog-HDL™ for design synthesis to a gate level 
description. 


Atmel Design Tools 


Delay 
Simulator & Test Calculator & 
Design Netlist Vector Back 
Version Entry Checker Checker Annotation Computer 


Cadence/Composer™ 1.3 Veritime™ Sun 4, HP 
1.6 Verilog-XL™ 
4.2 Composer™ 


Cadence/Concept™ 10.3 Concept/GED v3 


Viewlogic™ 4.2-PC ViewSIM™ , ViewDRAW™ - 
5.1-Sun ViewSIM™ , ViewDRAW™ v3 


Mentor™ ; QuickSIM™ DN3000/4500 
Neted™ 


QuickSIM Ii™ Sun 4, HP 
Design Architect™ 


Synopsys™ : Design Compiler™ Sun 4, HP 
Test Compiler™ 
VHDL Simulation 


Design Flow 
Atmel’s design flow has four major milestones independent Itis critical that all the required dataelements are submitted 


of the design interface used: at one time in the correct format and that the database is 
final (no anticipated changes). 

Database Acceptance 

Preliminary Design Review Database Summary 

Final Design Review Flat netlist 

Prototype Delivery Test Vectors (TV) per Atmel's test vector checklist 
Atmel has defined specific requirements for each milestone Documentation 
that must be accomplished prior to moving onin the design - v3 Report from Netlist Checker 
flow. - Report from tvc (Test Vector Checker) 

- Timing Diagram (clocks, vectors applied, vectors 

Database Acceptance (DA) sampled) 
At this milestone Atmel formally accepts the design - Critical paths 
database as complete and begins work on the design. At - System load 
DA Atmel will verify that the complete database has been - Purpose of TV sets 


received, there are no known errors (netlist checker and 
test vector checker) and that the netlist, vectors, etc. are all 
in the correct format. 
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A detailed database acceptance checklist for each of the 
four design flows (cell library, ASIC translation, FPGA/ 
PLD conversion and VHDL/Verilog-HDL) provides the 
designer with the exact requirements. 


Preliminary Design Review (PDR) 

After DA Atmel will migrate all designs into the Cadence Design 
System. Atmel uses Cadence’s Verilog-XL/Veritime as 
our golden simulator and all designs are signed off based 
on the Cadence results. The submitted design is ported to 
Verilog and re-simulated using the customer supplied 
vectors. Functional performance is verified as well as key 
timing performance. Once this has been successfully 
completed, a PDR is held to agree upon the performance 
level of the gate array. Following are the requirements for 
PDR: 


Confirm v3 file correct 
Confirm tve file correct 
I/O buffer listing and bonding diagram 
Preliminary testability compiler report indicating 
areas that may not be covered 
Route clock tree and analysis of worst case and best 
case delay 
Verilog simulation - 1 speed 
Nominal, worst case, best case (with no hold time 
violations) 
- review clock timing 
- at-speed 
- clock skew (if required) 
- listing of timing warnings with explanation 
Review critical path information (tgy, tyoLp, tpp) 
- Verilog or Veritime estimates 
I/O electrical 
Electromigration calculation pre-FDR 


ASIC Translation: 
Minicell List 
- cells used 
- Atmel mappings 
- notation for new cells and new mappings 


I/O buffer list with same information as minicell list 
- /O buffer Atmel comparisons 
Timing comparison for all cells 
New soft macro mappings 
Document netlist changes due to mapping 


Physical Design 
Once the circuit has been fully simulated and evaluated for 
compliance to the specification and performance goals, the 
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netlist is translated into the Cadence Gate Ensemble™ 
physical design tool (previously known as Tangate™). 
After place-and-route, the design is resimulated to 
incorporate the effects of parasitic capacitance networks 
associated with the double and triple metal routing of the 
physical design (back annotation data). These effects will 
already have been anticipated in the initial simulations by 
the customer and by Atmel since a typical parasitic 
capacitance loading will have been supplied with the cell 
library timing models. Therefore, performance changes 
between pre- and post-route simulationresults are minimal. 


Basic place-and-route is a routine production operation 
that allows very sophisticated parts (over 300,000 usable 
gates) to be routed in a batch mode in a short period of time. 
The tools guarantee 100 percent routing with an approach 
that is amenable to fast design cycle times. 


The Cadence delay calculation model includes effects 
such as: intrinsic delay, transition time, extra source delay, 
parasitic capacitance, and effects of various loading 
conditions. Timing assurance supports timing-driven layout 
based on either path or net constraints. Path constraints 
allows the customer or Atmel to identify critical paths, 
typically done using static path timing analysis, and then 
placing a constraint on Cadence to meet boundary value 
delays. With the net constraints approach, the boundary 
values are specified in units of time or capacitance for any 
given net in the netlist. The placement algorithm 
simultaneously considers routability, power balancing and 
timing requirements. 


Back Annotation or Post-Route Simulation 
Cadence does an extraction of timing related data - either 
by creating a delay reportor an RC report. The delay report 
allows for an immediate static-path timing analysis, while 
the RC report allows data to be exported back to the 
baseline simulator, Verilog-XL , to confirm that the 
previously incorporated estimates for parasitic RC 
associated with placement and routing were accurate. The 
timing performance of the circuit is updated at this time 
with the customer prior to going to silicon fabrication. The 
post-route simulation is done with customer supplied load 
conditions and with the ATE (automatic test equipment) 
load conditions so that a test specification can also be 
signed off at FDR. A back annotation report will be 
provided to the customer in the supported design systems. 
This will give the customer the most accurate timing 
information possible. 
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Design Verification 

Part of Atmel's flexible design system is the industry 
standard for design verification - DRACULA™. Dracula 
has options for: 


ERC - electrical rule checking 
DRC - design rule checking 
LVS - layout versus schematic comparison 


The base array and cell library have already been through 
this checkout procedure and have been verified in silicon 
using test vehicles containing cells from the Atmel libraries. 
This process and design characterization data resulted in 
the tabularized information used by the proprietary delay 
calculator described earlier. It is necessary to verify that 
the personalization levels accurately reflect both the 
customer functional circuit and the CMOS process design 
rules before masks are made. The results of these 
verification steps are also available at the FDR forcustomer 
sign-off. Together with the extensive timing analysis, 
verification guarantees to the customer that prototype parts 
will meet the specification. 


Final Design Review (FDR) 

The Final Design Review is the last joint review between 
Atmel and the customer before committing to prototypes. 
Prior to the meeting both Atmel and the customer will have 
reviewed the post-route Verilog-XL simulation 
incorporating the back annotation data, and the customer 
will have completed post-route simulation on their CAE 
systems. Atmel guarantees silicon performance equal to or 
better than predicted on the post-route Verilog-XL 
simulations. Below are the requirements for FDR. 


Confirm v3 and tvc files correct 
-post-route netlist changes 
I/O buffer listing and bonding diagram 
Testability report 
Clock tree and analysis of worst case and best case delay 


Verilog simulation - with back annotation data 
Nominal, worst case, best case (with no hold time 
violations) 
-review clock timing 
-at-speed 
-clock skew (if required) 
-listing of timing warnings with explanation 
Review critical path information (tsy, tyoLp,. tpp) 
- Verilog or Veritime results 
1/0 Electrical 
Electromigration calculation 
Ground bounce analysis 
LVS/DRC/ERC 


Prototype Delivery 

Atmel will deliver 10 prototypes in ceramic packages to 
the customer. The purpose of the units is to verify the 
design's functionality and electrical performance. 


Cell Library 

The traditional approach to designing ASICs is for the 
customer to perform schematic capture of the logic diagram 
using a CAE workstation that has the ASIC supplier’s 
symbols and timing libraries resident on the computer (see 
Figure 3-1). The customeris required to perform schematic 
entry, test vector generation and functional simulation. 
Atmel uses Verilog-XL™ as our golden simulator, however, 
other simulators are also supported. 


Many problems with simulation, verification and test can 
be prevented by incorporating good testability techniques 
up front. In particular, generation ofa sufficient number of 
vectors to achieve a desired level of fault grading (95%) 
can be extremely time consuming if proper design 
techniques are not used. 
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Atmel Cell Library Design Flow 


Cell Library and Design Manual 


Schematic Capture and 
Simulation 


Netlist Verification 
and Simulation 


Physical Design 
Simulation Verification 


Customer Prototype Delivery Atmel 


Figure 3-1 
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Atmel Cell Library Database Acceptance Check List 


Database 


Netlist Format 
Flatten netlist in Atmel Cell Library 
Cleanly run v3 Netlist Checker 


Acceptable Formats: 
Cadence 
Cadence/Concept 
Viewlogic 
Synopsys 
Mentor 
Dazix 


Simulation and Test Vector Format 


[j = All simulation and test vectors meet requirement of 
Tester Check List 


[} ~All simulation and test vectors cleanly run Test 
Vector Checker (tvc) 


(.j All vectors are in the same 5 group format (Input, 
Output, Tri State™ , BiDirectional and Enable) and 
have a stated purpose 


Acceptable Formats: 


Cadence 
Cadence/Concept 
Viewlogic 
Synopsys 

Mentor 


Dazix 
Specifications 


- Operating conditions; Temperature and voltage, 
best nominal, worst (case) 

- System loading requirements, by pin 

- Operating clock speed, number of clocks 

- I/O definition including pinout and enable for Tn 
State, and BiDirectional buffers 

- Define critical paths 

- Define asynchronous behavior 


Verilog 

EDIF (2.0.0) via Synlink 

EDIF (2.0.0) 

.db 

MIF 

EDIF (2.0.0), Tegas or via Atmel Dazix Netlister 


[j Outputs are sampled once per clock cycle when the 
outputs are stable. 


(.j Test vectors must have a 1 MHz set for probe and an 
at-speed set for final test 


Verilog Vectors including all control files 
ASCII output and .CMD files 


QuickSIM .LOG, .LIST and .FORCE files including 
.DO files 
ASCII Vectors and tme stamp 


Documentation 


- Full hierarchical schematics 

- Clocktree and reset diagram 

- v3 report 

- Test Vector Checker report 

- Timing diagrams showing relationship of clocks 
to data applied and outputs valid 
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Translation Process 

Once the required inputs have been received, the netlist is 
read into Synopsys. Using Synopsys, each cell of the 
original design is mapped into an equivalent cell in the 
Atmel cell library. Atmel defines an equivalent cell as one 
having not only the same function, but the same speed as 
the original cell. Sometimes more than one Atmel cell is 
required. For instance, if the original design was 
implemented in 1.24. CMOS, added delays may berequired 
to match the timing of the original cell to avoid race 
conditions. By matching the timing of each individual cell 
as closely as possible, time consuming modifications of the 
design at the netlist level are avoided. 


If performance needs to be improved in a particular area, 
Atmel will address this issue before the Preliminary Design 
Review. For instance, several cells in the original design 
may have been used to construct a particular register. To 
improve performance, Atmel may elect to implement the 
register as ahard macro. In parallel with the mapping of the 
netlist, the functional simulation vectors are translated into 
Atmel format using TDS™ software. 


Design Translation Flow 


Database Acceptance 


Netlist Translation, 
Simulation and Verification 


Atmel 


Preliminary Design Review 


Physical Design, Simulation 
and Verification 


Final Design Review 


Customer 


Prototype Delivery 


Atmel 


Figure 3-2 
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Gate Array/Standard Cell Translation 

The Atmel ASIC design translation flow is presented in 
Figure 3-2. In order to execute the design translation, the 
following design inputs are requested from the customer. 


After completing schematic capture and simulation, the 
customer delivers a design database to Atmel. The following 
is the data required: 


Atmel Design Translation Database Acceptance Check List 


Database 


Netlist Format 


Flatten netlist in Acceptable Format: 


Cleanly run v3 Netlist Checker 


Cadence 
Cadence/Concept 
Viewlogic 
Synopsys 

Mentor 

LSI Logic 

Dazix 


Simulation and Test Vector Format 


[-j All simulation and test vectors meet requirement 
of Tester Check List. 


(} All vectors are in the same 5 group format (Input, 


Output, Tri State™, BiDirectional and Enable) 
and have a stated purpose. 


Acceptance Formats: 


Specifications 


- Operating conditions; Temperature and voltage, 


Cadence 
Cadence/Concept 
Viewlogic 
Synopsys 

Mentor 


LSI Logic 
Dazix 


best, nominal, worst, (case) 
- System loading requirements, by pin 
- Operating clock speed, number of clocks 


- I/O definition including pinout and enable for Tri 


State, and BiDirectional buffers 
- Define critical paths 
- Define asynchronous behavior 
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Verilog 

EDIF (2.0.0) via Synlink 
EDIF (2.0.0) 

.db 

.MIF 

.NDL 

EDIF (2.0.0), Tegas or via 
Atmel Dazix Netlister 


(.j} Outputs are sampled once per clock cycle when 
the outputs are stable. 


(j} Test vectors must have a 1 MHz set for probe and 
an at-speed set for final test. 


Verilog Vectors including all control files 
ASCII output and .CMD files 


QuickSIM .LOG, .LIST and .FORCE files including 
.DO files 

LSIM files or ASCII output 

ASCII Vectors and time stamp 


Documentation 


- A description of the original cell library 

- As routed delay from the original design 

- Full hierarchical schematics 

- Clocktree and reset diagram 

- Timing diagrams showing relationship of clocks 
to data applied and outputs valid 
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Verifying Performance 

The new netlist and translated vectors are used to perform 
functional simulation. Atmel uses Cadence’'s Verilog-XL 
as its "golden simulator." The first step in verification is 
running the functional simulation vectors. Serial vectors 
for testability functions and Automatic Test Pattern 
Generalization for fault grading can also berunat this time. 
Valid ATPG simulations require that the scan connections 
be explicitly defined in the netlist. Once functionality has 
been established, timing verification begins. Atmel will 
again use Verilog-XL to run the functional vectors at 
system speed over worst case environmental conditions 
(voltage and temperature). This can be done forcommercial, 
industrial or military applications. Increasing clock 
frequency to failure (Fmax), can also provide a measure of 
design margin. This is performed by running functional 
vectors in strobe format, rather than print-on-change format. 


The timing performance of the original device, either via 
simulation or Atmel characterization of the sample part, is 
used for a direct comparison. Atmel performs a waveform 
comparison of the timing. The system can be programmed 
to compare timing and report any difference. The net with 
a greater than desired timing difference can then be sped up 
or slowed down to meet specification. At this point, Atmel 
works with the customer to improve performance of a 
given critical path or to give greater design margin. 


Veritime, another Cadence design tool, can be used to 
verify critical paths (input to register, register to register 
and register to output) for which timing specifications 
exist. Asa path trace tool, Veritime will identify timing for 
all paths on the chip, independent of test vectors. 


There are other timing-critical simulations that can be run. 
Pulse width checks on the clocked elements and glitch 
detection can be performed to ensure proper latch and 


register transfers after routing. SPICE simulation of the I/ 
O buffers can be run to ensure a match with the switching 
characteristics. In addition, the clock latency, input set-up 
times, input hold times and clock-to-output delays can be 
compared to the original design to ensure there are adequate 
design margins. 


FPGA/PLD Conversion 

When to Convert 

There are four instances when converting from an FPGA/ 
PLD to a gate array offers the user a direct benefit. 


1. High Volume - If your annual volume is over 10,000 
units for a single or combined design (commercial), 
converting to a gate array can save money. 


2. Performance - Gate arrays have lower stand-by current 
requirements and offer greater speed than an FPGA/PLD. 
Frequently the speed of an FPGA/PLD becomes the limiting 
factor in a system design. 


3. Integration - Converting to a true gate array allows 
several FPGA/PLDs to be integrated into a single chip, 
requiring less board space and providing a cost savings. 


4. Prototyping - Using the FPGA/PLD for prototyping and 
then converting into a gate array for production gives the 
user the best of both worlds; fast design cycle times and 
low-cost volume production. 


The Conversion Process Summary 

Atmel’s conversion process is designed to minimize the 
amount of engineering support required from the system 
designers. Figure 3-3 outlines the conversion process 
flow. The inputs required vary depending on the original 
manufacturer of the FPGA/PLD. 
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Once Atmel has received the design database, the original 
design is converted into an equivalent netlist using the 
Atmel cell library. The equivalent netlist ensures that both 
the functionality and timing of the new design match the 
original. Using this technique, almost any FPGA/PLD 
design can be converted to a gate array. 


The original test vectors are also converted and are used to 
verify the gate array design. Good functional vectors must 
be provided or developed.This is important because the 
functional test vectors are the verification vehicle for the 
design. After the design has been converted and verified 
for functional performance, the optimization process begins. 
The design can be optimized to match the timing 
performance of the original FPGA/PLD design or to meet 
new performance goals. Additional logic functions or 
memory can be added to the gate array as well. 


Before physical design of the chip begins, ajoint Preliminary 
Design Review is held with Atmel and the customer to 
approve the results of the converted design. From this 
point on, the design process is identical to that of a 


traditionally designed gate array. The design is physically 
placed and routed on the gate array and verified for 
electrical and design rules. Atmel uses Cadence’s Verilog- 
XL™ asa golden simulator. Atmel guarantees performance 
equal to or better than that predicted by Verilog-XL post 
route simulation. 


Back annotation data is extracted from the actual layout 
and incorporated into the post-route functional and timing 
simulation. Minor layout modifications may be required to 
meet the timing specification. A Final Design Review is 
held to approve the post-route simulation data. After 
customer approval, the design is released for mask 
generation and prototyping. Prototypes can be deliveredin 
as little as three weeks and production units in as short as 
six weeks after customer approval of prototypes. Atmel 
guarantees the gate array will be a pin-for-pin compatible 
replacement for the FPGA/PLD. 


The exact database requirements for each type of FPGA/ 
PLD are listed on the following pages. 


FPGA/PLD Conversion Flow 


Customer 


Prototype Delivery 


Atmel 


Figure 3-3 
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Gate Array Database Acceptance Check List 


FPGA/PLD To Gate Array Conversion 
Database 


Converting Actel FPGAs 

There are several third party design platforms and tools 
that support programming of an Actel FPGA, including 
Mentor, Cadence/Concept, and Viewlogic. The required 
inputs from each of these platforms are listed below. 


Mentor Files 
.MIF (Mentor Interface File - Netlist) 
.LOG (Simulation Log File) 
.LIST (Simulation Listing File) 
-FORCE (Simulation Force File) 


Cadence/Concept Files 
EDIF Netlist (via Synlink) 
ASCII File of Simulation Vectors 


Viewlogic Files 
.ADL (Flattened Netlist) 
.CMD (Simulator Command File) 
.EDN (EDIF Netlist) 
.PIN (Final Pin List) 
. VSM (Viewlogic Simulator Netlist) 
.SCH (Schematics) 
.SYM (Symbols) 
.WIR (Wire List) 
Additional files that can be used to satisfy some of the other 
data requirements include: 


Actel Files 
.CRT (Criticality File) 
.DEL (Actual Delay File) 
.FUS (Fuse File) 
.IPF (Initial Placement File) 
.DEF (Parameters File) 


Converting Xilinx FPGAs 

There are several third party design platforms and tools 
that support programming of a Xilinx FPGA, including 
Mentor, Cadence/Concept, and Viewlogic. The required 
inputs from each of these platforms are listed below. 


Mentor Files 
.MIF (Mentor Interface File - Netlist) 
.LOG (Simulation Log File) 
.LIST (Simulation Listing File) 
-FORCE (Simulation Force File) 


Cadence/Concept Files 
EDIF Netlist (via Synlink) 
ASCII File of Simulation Vectors 


Viewlogic Files 
.ADL (Flattened Netlist) 
.CMD (Simulator Command File) 
.EDN (EDIF Netlist) 
PIN (Final Pin List) 
. VSM (Viewlogic Simulator Netlist) 
.SCH (Schematics) 
.SYM (Symbols) 
.WIR (Wire List) 
Additional files that can be used to satisfy some of the other 
data requirements include: 


Xilinx Files 
.LCA 
.XNF (Xilinx Netlist) 


ANIME! 


Gate Array Database Acceptance Check List 


FPGA/PLD To Gate Array Conversion 


Database 


Converting Atmel FPGA/PLD 

The specific file requirements for converting from an 
Atmel PLD are quite straightforward. The ABEL, CUPL 
or other JEDEC based development system files plus the 
ASCII file of the vectors define the minimum data required. 


JEDEC Files (PLD) 
ABEL 
CUPL 
LOGIC 


Viewlogic Files (FPGA, PLD) 
.GDF (Graphic File) 
.TDF (Text File) 
HIF, .FIT (Fitter File) 
.POF (Programmer Object File) 
SNF (Simulation Netlist File) 
. VEC (Simulation Vector File 


IDS File (FPGA) 
CDB 


Converting Altera FPGA/PLD 

Converting from Altera FPGA/PLD into an Atmel gate 
array follows much the same process as converting from an 
Atmel FPGA/PLD. The specific file requirements for 


converting from an Altera FPGA/PLD are the ABEL, 
CUPL or other JEDEC based development system files 
plus the ASCII file of the vectors which define the minimum 
data required. Table 5 lists the recommended Atmel gate 
array for both the Max Series and the Classic Series of 
Altera FPGA/PLD. When conversion from a Max series 
device is desired, there are other files, generated from the 
MAX+PLUS design system, that can be provided to satisfy 
some of the data requirements. 


Using Altera inputs, an FPGA/EDIF 2.0.0 netlist with 
actual delay data can be easily extracted. This netlist 
comes from the MAX+PLUS design system and 
incorporates the delay data from the fitter/assembler. These 
files are: 


MAX+PLUS Files 
Archive File (Menu: File/Project/Archive) should contain 
these files as a minimum: 
.GDF (Graphic File) 
.TDF (Text File) -HIF, .FIT (Fitter File) 
.POF (Programmer Object File) 
.SNF (Simulator Netlist File) 
. VEC (Simulation Vector File) 
-RPT (Report File) 
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Design Synthesis 

Atmel can accept HDL level inputs in either VHDL or 
Verilog-HDL languages, incorporating behavioral, data 
flow and structural level language constructs. A list of 
VHDL constructs supported by Synopsys v3.0 is given in 
the VHDL Constructs table. 


Atmel uses Synopsys to perform design synthesis, 
translation from RTL design to a netlist, and design 
optimization. Atmel will also use Synopsys’ Test Compiler 


to develop a set of functional vectors for simulation and 
test. If a customer has Synopsys CAE tools, Atmel can 
provide a timing library and the customer can perform 
design synthesis. The input to Atmel would then be a 
netlist and test vectors. 


After netlist simulation on Verilog-XL™ , the PDR will be 
held. At PDR the gate-level netlist, simulations and test 
vectors will be reviewed and agreed to by both parties. 


Design Synthesis Flow 


VHDL 
or Verilog-HDL™ 


Customer — > 


Atmel 


RTL Source 


Database Acceptance 


Atmel 


Synthesis: Translation to 


Customer 


Gate Level Netlist & 
Optimization 


Atmel 


Preliminary Design Review 


Customer Prototype Delivery 


Atmel 


Figure 3-4 
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VHDL Constructs* 
Fully Supported Constructs: 


Package Declarations Static Expressions 
Package Bodies If Statement 

Constant Declaration Case Statement 
Simple Names Nest Statement 
Operator Symbol Return Statement 
Logical Operators Null Statement 
Relational Operators Attributes: 

Signing Operators RIGHT, HIGH, LOW, 
Qualified Expression BASE, LEFT, RANGE, 
Type Conversion LENGTH 


Synthesis-Constrained Constructs: 


Entity Declarations Literals 

Architecture Bodies Aggregates 

Subprogram Declarations Universal Expression 

Subprogram Bodies Wait Statement 

Subprogram Overloading Signal Assignment 
Statement 

Functional Call Array Variable 
Assignment 

Libraries Procedure Call 
Statement 

Enumeration Types Loop Statement 

Integer Types Exit Statement 

Arrays Block Statement 

Indexed Names Process Statement 

Slice Names Generate Statement 
Concurrent Signal 

Full Type Declaration Assignment Statement 

Subtype Declaration Concurrent Procedure 

Signal Declaration Call 

Variable Declaration Component Instantiation 

Interface Declaration Statement 

Component Declaration Package Standard 

Attribute Declaration Partially Supported 

Attribute Specification Attributes: 

Selected Names STABLE, EVENT 

Attribute Names 

Addition Operators 

Mulitplying Operators 

Operator Overloading 

Miscellaneous Operators 


*©1990 Synopsys®, Inc. 
Reprinted with permission from "Introduction to HDL-Based Design 
Using VHDL" published by Synopsys. 
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Gate Array Design Flow 
Atmel’s design flow has four major milestones independent 
of the design interface used. 


Database Acceptance 
Preliminary Design Review 
Final Design Review 
Prototype Delivery 


Atmel has defined specific requirements foreach milestone 
that must be accomplished prior to moving onin the design 
flow. 


Database Acceptance (DA) 

At this milestone Atmel formally accepts the design database as 
complete and begins work on the design. At DA Atmel will 
verify that the complete database has been received, there 
are no knownerrors (netlist checker and test vector checker) 
and that the netlist, vectors, etc. are all in the correct format. 


Itis critical that all the required data elements are submitted 
at one time in the correct format and that the database is 
final (no anticipated changes). 


- Database Summary 

-Flat netlist (at level netlist if test compiler will be 
used) 

-TV's per Atmel's test vector checklist. 


Documentation 
-v3 Netlist Checker Report 
- Test Vector Checker (tvc) Report 
- Timing Diagram (clocks, vectors applied, vectors 
sampled) 
- Critical Paths 
- Best/Worst Case Conditions 
- System Loading Requirements 
-Purpose of TV Sets 


A detailed database acceptance checklist, for each of the 
four design flows (cell library, ASIC translation, FPGA/ 
EPLD conversion and VHDL/Verilog-HDL) provides the 
designer with the exact requirements. 


Preliminary Design Review (PDR) 

After DA, Atmel will migrate all designs into the Cadence 
Design System. Atmel uses Cadence’s Verilog-XL/ 
Veritime as our golden simulator and all designs are signed 
off based on the Cadence results. The submitted design is 
ported to Verilog and re-simulated using the customer 
supplied vectors. Functional performance is verified as 
well as key timing performance. Once this has been 
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successfully completed, a PDR is held to agree upon the 
performance level of the gate array. Following are the 
requirements for PDR: 


Confirm v3 and tvc files correct 
I/O buffer listing and bonding diagram 
Preliminary testability compiler report 
Route clock tree and analysis of worst case and best case 
delay 
Verilog simulation at-speed 
-nominal, worst case, best case (with no timing 
violations) 
Review critical path information (tsy, tyoLp, tpp) 
- Verilog or Veritime estimates 
I/O electrical specifications 
Electromigration calculation 


Final Design Review (FDR) 

The Final Design Review is the last joint review between 
Atmel and the customer before committing to prototypes. 
FDR is basically a re-review of PDR. Prior to the meeting 
both Atmel and the customer will have reviewed the post- 
route Verilog-XL simulation incorporating the back 
annotation data. The customer will receive back annotation 
data for complete post-route simulation on their CAE 
systems. Atmel guarantees silicon performance equal to or 
better than predicted on the post-route Verilog-XL 
simulations. Below are the requirements for FDR. 


Updates of cell mapping and timing (if any) 


Post-route netlist check v3, tvc 
-post-route netlist changes 
Post-route timing simulation to specification 
-review clock timing 
-at speed 
-clock skew (if required) 
-listing of timing warnings with explanation 


Static path analysis (as specified) 

Electromigration Calculation 

Bonding diagrams and pin list 
-bond pad plot 


LVS/DRC/ERC 


Prototype Delivery 

Atmel will deliver 10 prototypes in ceramic packages to 
the customer. The purpose of the units are to verify the 
design's functionality and electrical performance. 
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PDR Checklist 


Confirm v3 file correct 
O.L. Nets, Open Nets, Multiple Drivers 
I/O buffer listing and bonding diagram 
Preliminary testability compiler report indicates areas 
we expect are not covered 
Route clock tree and analysis of worst case and best 
case delay 
Verilog simulation - 1 speed 
Nominal, worse case, best case 
(with no hold time violations) 
- review clock timing 
- at-speed 
- clock skew (if required) 
- listing of timing warnings w/explanation 
Review critical path information 
(tsu, tHOLD: tpp) 
- Verilog or Veritime estimates 
I/O Electrical 
Electromigration calculation pre-FDR 
ASIC Translation 


Minicell List 
- cells used 
- Atmel mappings 
- notation for new cells and new mappings 


I/O buffer list with same information as minicell list 
- I/O buffer Atmel comparisons 


Timing comparison for all cells 
New soft macro mappings 
Document netlist changes due to mapping 


FDR Checklist 


Confirm v3 file correct 
- Post-route netlist changes 
O.L. Nets, Open Nets, Multiple Drivers 
I/O buffer listing and bonding diagram 
Testability compiler report 
Clock tree and analysis of worst case and best case 
delay 
Verilog simulation - with back annotation 
Nominal, worse case, best case 
(with no hold time violations) 

- review clock timing 

- at-speed 

- clock skew (if required) 

- listing of timing warnings w/explanation 
Review critical path information 
(tsu, tHoLD: tpp) 


- Verilog or Veritime results 
I/O Electrical 
Electromigration calculation 
Ground bounce 
LVS, DRC 


CHET E So 2° | O35 0 iiossnenemassammemasseette anes een erase ca eIaaS eet peneeemenema 


nme e seeecmmmese eommanmNIC 


Overview of Atmel Gate Array v3 Netlist Checker 3 


L_] No @> D Connects 

Use the ‘d’ command in the net check menu. Register 
outputs directly connected to the inputs of other registers 
should be buffered to slow down the path, so that the 
data will not precede the clock and be latched one 
clock early. If the registers are on different clocks, 
simulations should verify that data is latched at the 
correct time. If the registers are on the same clock, the 
simulation will apply the clock to the register clock 
pins simultaneously when in actuality there will be 
some lag time. This condition cannot be verified in 
simulation and must be either waived by the customer 
or corrected. 


L_] No Fanout Ratio Violations 

Use the ‘f 1.5’ for military conditions, ‘f 2.0’ for 
commercial in the net check menu. Fanout violations 
which occur on specially routed clock tree may be 
waived if the calculated loading delay plus time-of- 
flight numbers yield an acceptable clock latency and 
skew. Other fanout ratios greater than the limits 
should be corrected by adding either a high drive 
version of the driving cell or a buffer, knowing that 
timing will be slower as a result. Atmel’s post-route 
fanout ratio is 2.5 for both military and commercial 
customers. 


A new method for checking fanout based on slope of 
the driving cell will be available shortly in newreleases 
of v3. 


L_] No Floating Inputs 

This applies to internal cells in the gate array. Floating 
CMOS inputs spell trouble and MUST be tied high or 
low before going to route. Upon entering the check 
menu, the net summary will report on the number of 
floating inputs found in the design. Use the ‘1’ 
command for a detailed report on which pins are 
floating. 


[_] Tristate Busses Have HLDs on Them 

As a special subset of the previous check for floating 
inputs, all internal tristate busses should include a 
weak bus hold cell, the HLD1, which sustains the last 
applied logic value if all tristate cells enter tristate 
mode. If internal tristate busses are present in the 
design, use the ‘t’ command in the net check menu to 
list the name of each net, then the ‘n<num>’ command 
to check for the presence of an HLD1 on that net. 


[_] No “confused” Nets 


A confused net either has 3 
1) multiple unmatched drivers (non-parallel) 
2) mixed regular, tristate, and/or bidirectional 
drivers 
3) pins with unknown attributes (from unknown 
cells) 
4) incorrectly defined I/O (at the top level) 
5) any other illegal combination of pins tied 
together 
Confused nets are listed whenever the user enters the 
check menu. The multiple drivers report ‘m/e’ can 
help to identify some problems, and entering the check 
menu using the ‘ce’ command from the top menu can 
also be of some help. Confused nets sometimes 
originate from an improperly generated netlist. Many 
times atop level symbol is needed if the netlist is being 
generated from a schematic capture tool. 


|_] Chip Fits on Target Array 


The ‘me’ command in the top menu will size the design 
against each standard gate array. Although the cutoff 
percentage is 90% for each array, occasionally arrays 
have been utilized up to 95%. The IA) count will not 
be accurate since it does not take power and ground 
pads into account. This should be checked separately 
given a pad placement file. The ‘me’ command is 
automatically run every time interactive mode is 
entered. 


Cells Have Layout 

The v3 libraries have been checked against the router 
databases, and only cells which have layout and timing 
are entered. If the netlist reader portion of v3 does not 
give any errors due to unknown cells, then all cells in 
the design have layout. 


[__] No Mixed PAD Libraries 


Only one pad library at a time may be loaded into v3. 
Currently Atmel’s pads come in three distinct flavors: 
1) the ATL PD and PS regular pads 
2) the ATL "C" PADC commercial pads 
3) the ATL80 submicron pads 
Pads from these separate libraries may not be used 
together in the same design. The netlist reader section 
of v3 will only recognize one type of pad at a time. 


| ATMEL a 
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[_] Electromigration Checked 


Use the ‘e [freq] <units>’ command in the net check 
menu. The check is meant to be a worst case prediction 
in which the logic state of the net changes twice every 
clock period. This happens with clock signals, but 
most other signals will only change once per clock 
period in a synchronous design. If the net changes 
states less frequently, the electromigration current (in 
mA) may be multiplied by the frequency of change to 
lower the final number. Nets which exceed the current 
limits should be flagged for the route, so that the line 
widths can be increased. 


L_) No Net Aliasing Problems 


Use ‘s’ in the back annotation menu to check for net 
aliasing. Net aliasing can occur when writing the 
netlist out for routing, because illegal characters are 
filtered out or converted to other legal characters. If an 
error message comes up, then the netlist must be 
written in indexed notation to DEF. This will cause 
problems later on if an ECO/ECN changes the number 
or order of the nets in the design. Use this option with 
caution. To read the back annotation information from 
the router back into v3, use the ‘li <file>’ option in the 
back annotation menu (load indexed router report). 


A second case of net aliasing occurs in the netlist itself, 
not in the interface between v3 and the router. Use the 
‘a’ command in the check menu to report on power, 
ground, and other aliased nets. There should be no 
other aliased nets, or problems will occur. 


[|__| No Instance Aliasing Problems 


Use 's' in the design prober menu to check for instance 
aliasing. In a similiar fashion to net aliasing, illegal 
characters in the netlist may be filtered out when 
targeting the netlist for the router. Make sure there are 
no instance aliasing problems. If there are, instance 
names should be edited to guarantee uniqueness. 


LJ All Parallel Cells are Intentional 


Parallel cells occur most frequently in clock distribution 
networks, usually to obtain adequate drive. Check for 
parallel and mixed drivers with the ‘m’ command in 
the check menu. The ‘me’ command provides more 
details. v3 can detect many but not all instances of 
multi-stage parallelism, where the logic remains parallel 
but does not recombine during the intermediate stages, 
coming together only at the end. 


"sy CS 977s Rena 
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Gate Array Test Application Check List 


In order to tranfer new designs from design to prototype 
and production as quickly as possible, customers should 
adhere to the following when preparing vectors for test 
applications. 


Simulation: 


J All vector files must be in Tabular ASCII format . LJ 
This allows the use of proprietary software and thus 
reduces the amount of hand editing and conditioning. 


_) Although the preferred format is the ASCII file 
mentioned above, the following Simulators are _J 
presently supported directly through TDS. This 
capability is available if the files cannot be supplied 
in ASCII format. (CADAT, QUICKSIM, HILO, 
LASAR, LSIM SILOS, TEGAS, TEXSIM, 
VALIDSIM, VERILOG, ZILOS) LJ] 


_} Simulation log files can be supplied on 8 mm, 1/4 
cartridge or 9-track tapes. Tapes should be in tar 
format. If compression is used it must be noted in the 
documentation. = 


L) Time based simulation including all external signals 
and internal nodes or enables for bi-directional and LJ 
tri-state buffers. 


[__} Pull-ups must not be used in the simulation. It must 
be clear in the logfile when a signal on the device is 
tristated. J 


_} Best and worst case simulations will insure that the 
output data does not cross cycle boundaries. 


[_} Simulation to include temperature and voltage 
margins. 


UU 


Timing: 


L 


Lj Timing diagrams, representing the input and output 
timings used in the simulation, are essential. 


LJ The hardware specifications listed in the ASIC Test 
Capability Reference Table in the design manual 
should be followed for all timing. 


AIMEL 


The simulation must be run at the intended operating 
frequency. If the timing cannot be scaled down for 
wafer testing, an additional simulation must be run 
at 1 MHz. 


Maximum Frequency must not exceed 50 MHz (256 
I/O Channels) or 100 MHz(128 I/O Channels). It is 
preferred to test at speeds below 40 MHz and 
guarantee speed through delay parameters. 


Simulations must be performed such that the pattern 
can be broken down into“cycles” during post 
processing. For optimum performance the test system 
should apply test vectors on a fixed periodic basis. 


One time set should be used if possible. This greatly 
reduces debug/parametric measurement efforts. 


The timing should be setup with the expected data 
sampled before the systemclock and the input data 
applied after system clock. This gives the mosttime 
for setup and propagation. 


All expected output files must contain information 
starting at time 0 ps. The conversion software used 
requires a 0 reference point for subsequent vectors. 


Minimum signal width must not exceed 10ns. 


The pattern must not contain multiple clocks per 
cycle. 


The pattern must not contain changes of format on- 
the-fly. 
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Signal Specifications: 


_j A complete cross-reference list of all signals used in 
the simulation. This should allow renaming the 
signals to match the test specification and should 
also state which signals control other signals. 


SIGNAL NAME 
Simulation Specification 1/O/B Buffer 


Enable 


sample SAMPLE B PDB4U /$internal1 


_} Pull-ups must not be used in the simulation. It must 
be clear in the logfile when a signal on the device is 
tristated. 


_} A single signal must be made available to determine 
the direction of bi-directional buffers. 


_j A single signal must be made available to determine 
the state of tri-statable buffers. 


[_] Outputs must not be tested until the device has been 
fully initialized, even if some outputs are in known 
states. 


Test System Considerations: 


J At the beginning of each simulation file there is to be 
a set of vectors that will reset the part so it will be in 
a known state. Each simulation file must be a “stand 
alone” module. States must be achieved by using 
the test pattern to initialize the device. Power-On- 
Reset circuitry must not be used for this purpose. 
The reset section is to be identified as to exactly 
where it ends and the actual vectors begin. 


_} Direction changes on bi-directional signals must 
occur on a cycle boundary on the test system. The 
simulations should be run in such a way that this can 
be accomplished. (see Figure 3). 


J Data must be strobed at the same point in each cycle 
with only one strobe point per cycle. 


A maximum of 6 input clocks can be used. 


age 


All bi-directional pins are to be in a tri-state state for 
at least one cycle when switching between input/ 


Output or output/input. This will help eliminate bus 
contention during test. 


Lj Quantity of cycles not to exceed 32,000 per module. 
Parametric Testing: 


Vectors should be supplied that setup the chip for all 
requiredparametric measurements. These tests can be 
combined into one pattern if the locations at which to make 
the measurement are explicitly stated. 


[_} Test patterns are needed specifically for testing DC 

parameters. 

VOL/VOH- Alloutputs should achieve both alow 
and a high state for a minimum of 2 
cycles. This will allow stopping on 
the appropriate test vector to make 
the measurement. 
All inputs should be exercised low 
and high in such a way that the output 
of the chip ischanged. In order to get 
a reading for VIH or VIL, that signal 
must cause achange on another signal 
that is being compared in the pattern. 
Static and Dynamic, condition the 
device as required. This pattern should 
set all the inputs to a know state and 
disable bi-directional /tristate buffers. 
Functional or Parametric, all bi- 
directional and tri-state outputs should 
achieve a high impedance state from 
both a low and high input, and or 
output state. 


VIL/VIH- 


IDD- 


Tristate- 


LJ No AC tests will be performed unless prior 
negotiation is done. 


Lj} Temperature testing to be done within standard 
military or commercial ranges. 


Note: Final acceptance of the simulation waveforms will 
be determined upon analysis with Atmel’s Test 
Vector Checker (tvc). The tvc analysis will determine 
if the timing used meets the constraints of the test 
system and will also indicate if all parametrics are 
covered. 
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Overview of Atmel Test Vector Checker 


The Atmel Test Vector Checker (tvc) is proprietary software 
used to check the simulation test vectors for compatibility 
with present test systems. The software analyzes the 
timing and states of all signals and reports on any items that 


Timing Checks 


LJ Delay used with non-return-to-zero not consistent 
This warning indicates that the delay for a 
NRZ waveformchanged during the simulation 
for a given signal. 


_j Delay used with return-to-zero not consistent 
This warning indicates that the delay fora RZ 
waveform changed during the simulation for 
a given signal. 


LJ Width used with return-to-zero not consistent 
This warning indicates that the width for aRZ 
waveform changed during the simulation for 
a given signal. 


= Delay used with return-to-one not consistent 
This warning indicates that the delay for a 
RTO waveformchanged during the simulation 
for a given signal 


= Width used with return-to-one not consistent 
This warning indicates that the width for a 
RTO waveformchanged during the simulation 
for a given signal. 


J Both NRZ and RZ waveforms used for the same 
signal. This warning indicates that a RZ 
formatted signal was allowed to stay HIGH 
for a cycle. 


[_]} Both NRZ and RTO waveforms used for the same 
signal. This warning indicates that a RTO 
formatted signal was allowed to stay LOW for 
a cycle. 


may not be readily duplicated on the test system. The 
software also checks the simulation for parametric coverage 
and general details of tester utilization. The table below 
lists the individual checks. 


LJ Inputs floating during cycle 
This warning indicates that a given input is not 
forced to a valid state within a cycle. 


J More than one I/O change within a cycle 
This warning indicates that the signal changed 
direction more than one time within a given 
cycle. 


Parametric Coverage Checks 


_J Checks for all valid states on all signals. The report 
will show only those states that are not achieved in 
the simulation. 


i Checks for all valid transitions on all signals. The 
report will show only those transitions that do not 


occur in the simulation. 


_} Indicate if bidirectional buffers never change 
direction. 


Tester Utilization 


Total pattern depth (without compression). 


Total number of input, output and bidirectional 
signals. 


Total number of tester timing generators needed. 


Histogram of output transitions within cycle to 
indicate proper strobe position. 
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Design for the Synopsys Test Compiler 


The following guidelines are generated to allow designs to 
be efficiently enhanced by using the Synopsys Test 
Compiler software. If all design rules are followed, the 
Test Compiler can add scan chains to the design and 
generate test vectors automatically for nearly 100% fault 
coverage. When a design rule is not followed, fault 


Synopsys Test Compiler Guidelines 
Testability Rule 
Synchronous Design 
-No cross coupled gates 
-No unregistered feedback 
Single Edge Clocking 

coverage 
No Clock Gating 


coverage 


No Latches 


Single External Reset 

-No asynchronous resets 

or presets generated on chip 
-No combinational logic in 
reset path 


No Internal Tristate Buses 


Effects of Infraction 


Associated logic untestable 


Clocked device not allowed in 
scan chain - reduced fault 


Clocked device not allowed in 
scan chain - reduced fault 


Not allowed in scan chain, 
reduced fault coverage 


Not allowed in scan chain, 
reduced fault coverage 


Reduced fault coverage, possible 
tristate contention during scan test 


coverage is reduced, sometimes dramatically, unless the 
design is modified to comply with the rules. This approach 
will require at least 1 additional pin for Test Enable (TE) 
and at least 2 pins if muxing is required for a Test Enable 
(TE) and Test (T) mode. 


Workaround 


Break feedback path with test 
mode 


In test mode, create single 
edge clocking with inverters 
and MUXs 


Use data disable flip-flops 
instead of clock enables, 
disable gating in test mode 


Use alternate test methods, 
force latches to transparent 
mode with test mode 


Reset OR'd with test mode 


Use MUXs or AOI gates, insert 
gating of controls to prevent 
contention 


No Direct Q to D Connections Dynamic Hazard 
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How to Use This Cell Library Index 

The cell index contains the macro cell’s timing, size, and loading information. The 
data included in the cell timing information is explained in detail below. A separate 
cell index is provided for each technology (ATL-1.0 ) and ATL80-0.8 1). 


Cell Parameters 
Site Count: Lists the number of gate array cell sites the macrocell occupies. This can 
be used by the designer to determine what size gate array is required for the design. 


Input Load: Lists the number of unit loads the input represents. The number of unit 
loads is used to determine the propagation delay of the macrocell. This is covered in 
the timing section. 


For initial logic design, a load of less than 12 is recommended. The logic load should 
be supplemented with estimated wire load (pre-route) or actual back annotated wire 
load (post-route). With estimated wire loads included, a load of less than 24 is 
recommended. After routing, a back annotated load of 30 is considered a limit. Loads 
greater than this will be addressed by inserting higher drive cells, reducing wire load 
or waiving the violation for a non-critical net (such as an external reset that is neither 
timing critical nor functionally subject to improper operation due to noise). 


Timing 
Path Timechk: Shows the path for the associated timing numbers. Path Timechk “A- 
>O” denotes the delay from input A to output O. Path Timechk “D+CLK” denotes the 
Setup/Hold requirement between inputs D and CLK. 
The cell index gives the designer the information needed to calculate the propagation 
delay based on the number of loads the macrocell is driving. The delay is calculated 
using the Delay = Intercept + (Slope x Loads) equation where: 

- Delay is the total propagation delay. 

- Intercept is the base (zero loads) delay. 

- Slope is the additional delay per unit load. 


- Loads is the number of unit loads (not macrocells) the macrocell is driving. 


The number of unit loads each macrocell’s input represents is listed under Input Load 
in the cell index. 


ATL Series - 1.0 
CMOS Gate Array 


ATL80 Series - 0.8 
CMOS Gate Array 


Cell Library Index 
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74XX Series Soft Macros 

Cell Cell Description Similar to 
Name MSI Part Number MSI Part Number 
TTL64 4232 And Or Invert T4ALS64 
TTL74 DFF T4ALS74 
TTL109 JK Bar FF T4ALS 109 
TTL138 3 to 8 Decoder T4ALS 138 
TTL139 Dual 2 to 4 Decoder T4ALS 139 
TTL148 8 to 3 Priority Encoder T4ALS 148 
TTL151 8 to 1 MUX 74ALS151 
TTL153 4to 1 MUX T4ALS153 
TTL157 Quad 2 to 1 MUX T4ALS157 
TTL158 Quad Inverting 2 to 1 MUX T4ALS 158 
TTL161 4 BIT Binary Counter 74ALS161 
TTL164 8 BIT Serial in Parallel Out Shift Register T4ALS 164 
TTL166 8 BIT Parallel Load Shift Register T4ALS 166 
TTL169 4 BIT U/D Counter T4ALS 169 
TTL174 Hex DFF T4ALS174 
TTL194 4 BIT BiDi Shift Register T4ALS 194 
TTL273 Octal DFF 7T4ALS273 
TTL280 9 BIT Parity Generator 74ALS280 
TTL283 4 BIT Fast Adder T4ALS283 
TTL688 8 BIT Comparator T4ALS688 
TTL823 9 BIT DFF T4ALS823 
TTL825 8 BIT DFF 74ALS825 
TTL85 4 BIT Magnitude Comparator T4ALS85 
TTL86 Quad 2 Input Ex OR T4ALS86 


et 
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ATL 1.0 U Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Macrocells in alpha-numeric order 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Hold-R Hold-F Setup-R Setup-F 


1 bit full adder (6) 


1 bit full adder 


with buffered outputs (4) 


2 input AND (1) 


2 input AND 


- high drive (1) 


3 input AND (2) 


3 input AND 
- high drive (2) 


4 input AND (2) 


4 input AND 
- high drive (2) 


ANMEL 


ATL 1.0 uw Cell Index (typicai Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


5 input AND (2) 


2 input AND into 2 input NOR (1) 


AOI22H 2 input AND into 2 input NOR 
- high drive (2) 


AOI|222 Two, 2 input ANDs into 
2 input NOR (2) 


AOI222H Two, 2 input ANDs into 
2 input NOR - high drive (2) 


AOI2223 Three, 2 input ANDs into 
3 input NOR (2) 


AOI2223H Three, 2 input ANDs into 
3 input NOR - high drive (4) 


1x buffer (1) 
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ATL 1.0 pp Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 


Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


2x buffer (1) 0.026 0.021 


2x Tri-state™ bus driver 
with active high enable (2) 


2x Tri-state bus driver 
with active low enable (2) 


3x buffer (2) 


4x buffer (2) 


8x buffer (3) 


12x buffer (4) 


16x buffer (5) 


7 input carry 
lookahead (2) 


2:4 decoder (4) 


WWWWWW WW 
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ATL 1.0 et Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising’ Falling 
Description (Site Count) Timechk Hold-R Hold-F Setup-R Setup-F 


DEC4N 2:4 decoder 
with active low enable (4) 


PM PO MA — =a =a aH a HS =| = 


DEC8N 3:8 decoder 
with active low enable (12) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 


D flip-flop (5) 


ee 


ATL 1.0 1 Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R  Hold-F Setup-R Setup-F 


DFFBCPX D flip-flop with asynchronous 
clear and preset with 
complementary outputs (6) 


DFFBSRX OD flip-flop with asynchronous 
set and reset with 
complementary outputs (6) 


D flip-flop with asynchronous 
clear (5) 


D flip-flop - high drive (5) 


D flip-flop with asynchronous 
reset (5) 


D flip-flop with asynchronous 
set (5) 


D flip-flop with asynchronous 
set and reset (5) 


DLY2000 Delay buffer 2.0 ns (3) 


DLY3500 Delay buffer 3.5 ns (5) 
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ATL 1.0 UW Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


DLY8000 _ Delay Buffer 8.0 ns (11) 8.011 7.637 


Set scan D flip-flop (6) CLK->Q 
D+CLK 
TI+CLK 
TE+CLK 


DSSBCPY _ Set scan flip-flop CLK->Q 
with clear and preset (11) CLK->QB 

C->Q 
C->QB 
P->Q 
P->QB 
D+CLK 
TI+CLK 


NONMNONMN ND — — 


Set scan flip-flop CLK->Q 

with reset (9) CLK->QB 
R->Q 
R->QB 
D+CLK 
TI+CLK 


Set scan flip-flop with set (10) CLK->Q 
CLK->QB 
S->Q 
S->QB 
D+CLK 
TI+CLK 


Set scan D flip-flop with reset (7) CLK->Q 
R->Q 
D+CLK 
TI+CLK 
TE+CLK 


Set scan D flip-flop with set (7) CLK->Q 
S->Q 
D+CLK 
TI+CLK 
TE+CLK 
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ATL 1.0 yp Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling ARilsing Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


Set scan flip-flop CLK->Q 

with set and reset (8) R->Q 
S->Q 
D+CLK 
TIl+CLK 
TE+CLK 


1x inverter (1) I->O 


Dual 1x inverters (1) l0->O0 
11->01 


Quad 1x inverters (2) 10->00 
l1->O1 
I2->O02 
I3->O03 


INViTQ Quad Tri-state inverter (5) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


2x inverter (1) 


Dual 2x inverter (2) 


2x Tri-state inverter (2) 
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ATL 1.0 Ul Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V: Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R 4Hold-F Setup-R Setup-F 


3x inverter (1) 


4x inverter (1) 


8x inverter (2) 


10x inverter (4) 


JK flip-flop (6) 


JKFBCPX — Clear preset JK flip-flop with 
asynchronous clear and preset and 
complementary outputs (8) 


— — AD AD A WH — — 


JK flip-flop with asynchronous 
Clear (6) 


LATCH (3) 


LATCH with complementary 
output (3) 
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ATL 1.0 U Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hoid-R Hold-F Setup-R Setup-F 


LATCH with complementary outputs 
and inverted gate signal (S) 


QUAD LATBG 
with common gate signal (9) 


2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 


LATBH LATCH with high drive 
complementary outputs (4) 


Quad inverting LATCH (7) 
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ATL 1.0 yp Cell Index (typical Delays at Tj = 25°C; Vad = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R 4Hold-F Setup-R Setup-F 


LATCH with reset (3) 
LATCH with set (3) 


LATCH 
with set and reset (3) 


2:1 MUX (2) 
2:1 MUX - high drive (2) 
2:1 MUX with inverted output (2) 


2:1 MUX with inverted output 
- high drive (2) 


2:1 MUX with active low enable (2) 
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ATL 1.0 yp Cell Index (typicai Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Hold-R Hold-F Setup-R Setup-F 


MUX2NQ = Quad 2:1 MUX |A0->OA 
with active low enable (8) lAi->OA 
1B0->OB 
IB1->OB 
ICO->OC 
IC1->OC 
ID0->OD 
ID1->OD 
E->OA 
E->OB 
E->OC 
E->OD 
S->0A 
S->OB 
S->OC 
S->O0D 
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MUX2Q Quad 2:1 MUX (6) 


1 
1 
{ 
1 
1 
1 
1 
1 
1 
1 
: 
1 


MUXS3I 3:1 MUX with inverted output (3) 


MUX3IH 3:1 MUX with inverted output 
- high drive (4) 


ATL 1.0 pL Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 

Path Input Rising Falling Rising Falling 

Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


4:1 MUX (4) 


4:1 MUX with transmission 
gate data inputs (5) 


MUX4XH 4:1 MUX with transmission 
gate data inputs - high drive (5) 


5:1 MUX - high drive (7) 


8:1 MUX (10) 
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ATL 1.0 1: Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


8:1 MUX with active low enable (10) 10->O 
l1->O 
l2->0 
13->O 
14->0 
I5->O 
16->O 
17->O 
S0->0 
S1->O 
S2->0 
E->O 


MUX8XH 8:1 MUX with transmission gate 
data inputs - high drive (10) 


2 
2 
2 
2 
2 
2 
2 
2 
1 
3 
2 


2 input NAND (1) 


Dual 2 input NAND (2) 


2 input NAND - high drive (1) 


3 input NAND (1) 
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ATL 1.0 pp Cell Index (typical Delays at Tj = 25°C; Vad = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


3 input NAND - high drive (2) 


4 input NAND (1) 
4 input NAND - high drive (2) 


5 input NAND (3) 


5 input NAND - high drive (3) 


6 input NAND (3) 


6 input NAND - high drive (3) 
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ATL 1.0 pp Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 

Path Input Rising Falling Rising Falling 

Description (Site Count) Timechk Load Hold-R Hoild-F Setup-R Setup-F 


8 input NAND (3) 


ee 


8 input NAND - high drive (3) 


Oe ee ee 


2 input NOR (1) 


Dual 2 input NOR (2) 


2 input NOR - high drive (1) 


3 input NOR (1) 


3 input NOR - high drive (2) 


ATL 1.0 ey Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


4 input NOR (1) 
4 input NOR - high drive (2) 


5 input NOR (3) 


8 input NOR (3) 


1 
1 
1 
1 
1 
1 
1 
1 


NOR16H 16 input NOR - high drive (6) 


Ce ee ee ee ee ee ee ee a a Y 
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ATL 1.0 y Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 

Path Input Rising Falling Rising Falling 

Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


2 input OR into 2 input NAND (1) 


OAI22H 2 input OR into 3 input NAND 
- high drive (2) 


OAI222 Two, 2 input ORs into 
2 input NAND (2) 


OAI222H Two, 2 input ORs into 2 input NAND 
- high drive (2) 


OAI22224 Four, 2 input ORs into 
4 input NAND (3) 


Ne ee 


2 input OR into 3 input NAND (1) 


2 Input OR (1) 


2 input OR - high drive (1) 


AIMEL 4-75 


AIMEL 


ATL 1.0 u Cell Index (typical Delays at Tj = 25°C; Vad = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


3 Input OR (2) 
3 Input OR - high drive (2) 


4 Input OR (2) 
4 Input OR - high drive (2) 


5 Input OR (2) 


2 Input Exclusive NOR (2) 


2 Input Exclusive NOR 
- high drive (2) 


2 Input Exclusive OR (2) 


2 Input Exclusive OR 
- high drive (2) 
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/O Cells 
Sample of buffers composed of modular I/O building blocks 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Falling Falling 


PADCB11T 2 mA bidi TTL 
input buffer 


PADCB22C 4 mA bidi CMOS 
input buffer 


PADCB22T 4mA bidi TTL 
input buffer 


PADCB22T260KU 4mAbidi TTL buffer 
with pullup 


PADCB22T40KU 4 mA bidi TTL buffer 
with pullup 


PADCB33T 6 mA bidi TTL buffer 


PADCB33T260KU 6mAbidi TTL buffer 
with pullup 


PADCB44T 8 mA bidi TTL buffer 


PADCB44T40KU 8 mA bidi TTL buffer 
with pullup 


VO Cells 


Path Input Intercept Slope 


Description (Site Count) Timechk Load Rising Falling Rising Falling 


4-78 


PADCB55T 


PADCB66T 


10 mA bidi TTL buffer 


12 mA bidi TTL buffer 


PADCB66T40KU 12 mA bidi TTL buffer 


PADCBCCTXLI 


PADCBCCTXRI 


PADCIC 


PADCIC100KU 


PADCIC120KD 


PADCIC200KU 


PADCICI 


PADCIT 


PADCIT260KU 


PADCO11 


with pullup 


24 mA oscillator - 2 sites 
(unique buffer please contact Atmel) 


24 mA oscillator buffer 
- 2 sites 
(unique buffer please contact Atmel) 


CMOS input buffer 


CMOS input buffer with pullup 


CMOS input buffer with pulldown 


CMOS input buffer with pullup 


Inverting CMOS input buffer 


TTL input buffer 


TTL input buffer with pullup 


2 mA output buffer 


1.060 
1.040 
0.639 


1.060 
1.040 
0.639 


1.176 
1.095 
0.650 


1.176 
1.095 
0.650 


0.020 
0.021 
0.011 


0.020 
0.021 
0.011 


0.027 
0.027 
0.009 


0.027 
0.027 
0.009 
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/O Cells 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


PADCO22 4 mA output buffer 0.969 1.116 


PADCO33 6 mA output buffer 1.018 1.145 
8 mA output buffer 

PADCO66 12 mA output buffer 

PADCO88 16 mA output buffer 


PADCT22 4 mA tri state output buffer 


PADCT33 6 mA Tri-state output buffer 


PADCT44 8 mA Tri-state output buffer 


PADCT55 10 mA Tri-state output buffer 


PADCT66 12 mA Tri-state output buffer 


PADCTCCXLI 24mA Tri-state output buffer 
- 2 sites 


PADCTCCXRI 24 mA Tri-state output buffer 
- 2 sites 


PADCX22C 4 mA oscillator buffer - 2 sites PI->Al 
Pl->PO 


V/O Cells 


Path Input intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


PDB11T 2 mA bidi TTL buffer 


PDB22CN 4 mA bidi CMOS buffer 
with testable NAND 


PDB22CU10N 4mAbidi CMOS buffer with 
pullup and testable NAND 


PDB2CN 4 mA bidi CMOS buffer 
with testable NAND 


PDB2CU10N 4 mA bidi CMOS buffer with 
pullup and testable NAND 


4 mA bidi TTL buffer 


460 (Gl  OPary PCG X tiepnsassnusesseenasesmnemen eae aeenSAS aetna emer 
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/O Cells 
Path Input Intercept Slope 
Description (Site Count) Timechk Load Falling Rising Falling 
PDB2TN 4 mA bidi TTL buffer with E0->P 1.554 0.772 0.065 0.073 
testable NAND E1->P 1.523 1.040 0.065 0.073 
AO->P 1.601 1.218 0.065 0.071 
P->Al0 0.323 0.646 0.009 0.010 
Al0->Al1 0.119 0.200 0.087 0.101 
E2->Al1 0.148 0.133 0.087 0.103 
PDB2TU10N 4 mA bidi TTL buffer with pullup § E0->P 1.554 0.772 0.065 0.073 
and testable NAND E1->P 1.523 1.040 0.065 0.073 
AO->P 1.601 1.218 0.065 0.071 
P->Al0 0.323 0.646 0.009 0.010 
Al0->Al1 0.119 0.200 0.087 0.101 
E2->Al1 0.148 0.133 0.087 0.103 
PDB2TU2 4 mA bidi TTL buffer with pullup §E0->P 1.544 0.882 0.065 0.073 
E1->P 1.440 1.017 0.065 0.073 
AO->P 1.590 1.297 0.065 0.073 
P->Al0 0.765 1.222 0.010 0.007 
PDB2TU4 4 mA bidi TTL buffer with pullup §E0->P 1.554 0.772 0.065 0.073 
E1->P 1.523 1.040 0.065 0.073 
AO->P 1.601 1.218 0.065 0.071 
P->Al0 0.323 0.646 0.009 0.010 
PDB31CN 6 mA bidi CMOS buffer E0->P 1.431 1.218 0.065 0.049 
with testable NAND E1->P 1.389 1.372 0.065 0.049 
AO->P 1.455 1.513 0.065 0.047 
P->Al0 0.434 0.403 0.008 0.007 
Al0->Al1 0.119 0.200 0.087 0.101 
E2->Al1 0.148 0.133 0.087 0.103 
PDB31CU10N 6mAbidi CMOS buffer with E0->P 1.431 1.218 0.065 0.049 
pullup and testable NAND E1->P 1.389 1.372 0.065 0.049 
AO->P 1.455 1.513 0.065 0.047 
P->Al0 0.434 0.403 0.008 0.007 
Al0->Al1 0.119 0.200 0.087 0.101 
E2->Al1 0.148 0.133 0.087 0.103 
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ATMEL 
VO Cells 


Path Input Intercept 
Description (Site Count) Timechk Load Rising Falling 


PDB32TU3SL 6 mAbidi TTL buffer with pullup 
and Schmitt Trigger 


6 mA bidi TTL buffer E0->P 
E1->P 
AO->P 
P->Al0 


6 mA bidi TTL buffer with E0->P 

testable NAND E1i->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


PDB3TU10N 6 mA bidi TTL buffer with pullup §E0->P 
and testable NAND E1->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


PDB41CSM 8 mA bidi CMOS buffer with E0->P 
Schmitt Trigger E1->P 

AO->P 

P->Al0 


PDB41CU10SM 8 mA bidi CMOS buffer with E0->P 
pullup and Schmitt Trigger E1->P 

AO->P 

P->Al0 

E0->P 

E1->P 

AO->P 

P->Al0 


8 mA bidi CMOS buffer with E0->P 

testable NAND E1->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


482 Cell Library INdCX sume 
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/O Cells 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


PDB4CU10 8 mA bidi CMOS buffer 
with pullup 


PDB4CU10N 8 mA bidi CMOS buffer with 
pullup and testable NAND 


8 mA bidi TTL buffer 


8 mA bidi TTL buffer with 
testable NAND 


PDB4TU10 8 mA bidi TTL buffer with pullup 


PDB4TU10N 8 mA bidi TTL buffer with 
pullup and testable NAND 


Al0->Al1 
E2->Al1 


PDB4TU10SM 8 mAbidi TTL buffer with 
pullup and Schmitt Trigger 


I/O Cells 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


PDB51CU2SM 10 mA bidi CMOS buffer with 
pullup and Schmitt Trigger 


PDB52CN 10 mA bidi CMOS buffer with 
testable NAND 


PDB52CU10N 10mA bidi CMOS buffer with 
pullup and testable NAND 


PDB52TU10N 10mA bidi TTL buffer with 
pullup and testable NAND 


PDB53CU2SM_ 10 mA bidi CMOS buffer with 
pullup and Schmitt Trigger 


PDB53TU10SM 10 mA bidi TTL buffer with 
pullup and Schmitt Trigger 


PDB62CN 12 mA bidi CMOS buffer 
with testable NAND 


bbe 3) ei PC) 2X aan ammmmae oman EE 


ee eee 


1/0 Cells 


PDB62CU10N 


PDB62TU10N 


PDB72CN 


PDB72CU10N 


PDBA1TU2SM 


Description (Site Count) 


12 mA bidi CMOS buffer with 
pullup and testable NAND 


12 mA bidi TTL buffer 


12 mA bidi TTL buffer with 
testable NAND 


12 mA bidi TTL buffer with 
pullup and testable NAND 


14 mA bidi CMOS buffer 
with testable NAND 


14 mA bidi CMOS buffer with 
pullup and testable NAND 


20 mA bidi TTL buffer with 
pullup and Schmitt Trigger 


Al0->Al1 
E2->Al1 


E0->P 
E1->P 
AO->P 
P->Al0 


E0->P 
E1->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


E0->P 
E1->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


E0->P 
E1->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


E0->P 
E1->P 
AO->P 
P->Al0 
Al0->Al1 
E2->Al1 


E0->P 
E1->P 
AO->P 
P->Al0 


Intercept Slope 
Rising Falling Rising Falling 


V/O Cells 


PDBC1TU4 


PDBC1TU4S 


PDBC1TU4SM 


PDIC 


PDICO2 


PDICO2U10N 


PDICD10SM 


PDICD15N 


PDICD15SN 


4-86 


Description (Site Count) 


24 mA bidi TTL buffer 
with pullup 


24 mA bidi TTL buffer with 
pullup and Schmitt Trigger 


24 mA bidi TTL buffer with 


pullup and Schmitt Trigger 


CMOS input buffer 


CMOS input buffer 


CMOS input buffer with pullup 
and testable NAND 


CMOS input buffer with 
pulldown and Schmitt Trigger 


CMOS input buffer with 
pulldown and testable NAND 


CMOS input buffer with 
pulldown Schmitt Trigger 
and testable NAND 


CMOS input buffer with 
testable NAND 


Path 
Timechk 


Intercept 
Falling 


Input 
Load 


E0->P 
E1->P 
AO->P 
P->Al0 


E0->P 
E1->P 
AO->P 
P->Al0 


E0->P 
E1->P 
AO->P 
P->Al0 


P->Al0 


P->Al0 


P->Al0 
Al0->Al1 
E2->Al1 


0.434 
0.119 
0.148 


0.403 
0.200 
0.133 


Slope 


Rising 


0.008 
0.087 
0.087 


Falling 


0.007 
0.101 
0.103 
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V/O Cells 


PDICNI 


PDICSM 


PDICSN 


PDICSNI 


PDICU10 


PDICU10N 


PDICUIONI 


PDICU10SM 


PDICU2 


PDICU2SM 


PDICU31S 


Description (Site Count) 


Inverting CMOS input buffer 
with testable NAND 


CMOS input buffer with 
Schmitt Trigger 


CMOS input buffer with 
Schmitt Trigger 


CMOS input buffer with Schmitt 
Trigger and testable NAND 


Inverting CMOS input buffer with 
Schmitt Trigger and testable 
NAND 


CMOS input buffer with pullup 


CMOS input buffer with pullup 
and testable NAND 


Inverting CMOS input buffer with 
pullup and testable NAND 


CMOS input buffer with pullup 
and Schmitt Trigger 


CMOS input buffer with pullup 


CMOS input buffer with pullup 
and Schmitt Trigger 


CMOS input buffer with pullup 
and Schmitt Trigger 


Path input 
Timechk Load 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 
Al0->Al1 
E2->Al1 


Intercept 
Rising 


Failing 


Slope 


Falling 


4-88 


/O Cells 


PDIT 


PDITD15 


PDITN 


PDITSM 


PDITU10 


PDITU10N 


PDITU10SM 


PDITU1S 


PDITU2N 


PDITU2SM 


PDITU31 


PDITU4 


Description (Site Count) 


TTL input buffer 


TTL input buffer with pulldown 


TTL input buffer with 
testable NAND 


TTL input buffer with 
Schmitt Trigger 


TTL input buffer with 
Schmitt Trigger 


TTL input buffer with pullup 


TTL input buffer with pullup 
and testable NAND 


TTL input buffer with pullup 
and Schmitt Trigger 


TTL input buffer with pullup 
and Schmitt Trigger 


TTL input buffer with pullup 
and testable NAND 


TTL input buffer with pullup 
and Schmitt Trigger 


TTL input buffer with pullup 


TTL input buffer with pullup 


Path 
Timechk 


P->Al0 


P->Al0 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 


P->Al0 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 


P->Al0 
Al0->Al1 
E2->Al1 


P->Al0 


Input 
Load 


0.323 


0.729 


0.323 


0.323 


Intercept 
Falling 


0.646 


1.317 


0.646 


0.646 


Slope 


0.009 


0.009 
0.087 
0.087 


0.050 


0.009 


0.009 


Falling 


0.010 


0.010 
0.101 
0.103 


0.033 


0.010 


0.010 
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V/O Cells 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


PDITU4S TTL input buffer with pullup P->Al0 1.799 2.907 0.010 0.010 
6 mA clock driver 
8 mA clock driver 
12 mA clock driver 
24 mA clock driver 


2 mA output buffer 


4 mA output buffer 


4 mA output buffer 


4 mA output buffer 


4 mA output buffer 


8 mA output buffer 


10 mA output buffer 


12 mA output buffer 


14 mA output buffer 


24 mA output buffer 


2 mA Tri-state output buffer 


V/O Cells 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


4 mA Tri-state output buffer 1.508 0.855 0.065 0.072 
1.523 1.155 0.068 0.072 
1.565 1.269 0.065 0.072 


4 mA Tri-state output buffer 1.203 1.687 0.130 0.073 
1.177 1.887 0.130 0.073 
1.124 2024 0.130 0.070 


6 mA Tri-state output buffer 0.862 
1.131 
1.260 


6 mA Tri-state output buffer 


8 mA Tri-state output buffer 


8 mA Tri-state output buffer 


PDT41U10 8 mA Tri-state output buffer 
with pullup 


PDT4U10 8 mA Tri-state output buffer 
with pullup 


24 mA Tri-state output buffer 


4 mA with inverting CMOS 
oscillator buffer 


a0 Cell Library (nCGX secamecsscessnece OOS 


Pinna: coe Tell Library index 
I/O Cells 


Path Input Intercept Slope 
Description (Site Count) Timechk Load Rising Falling Rising Falling 


4 mA bidi CMOS buffer 


PSB2CS 4 mA bidi CMOS buffer with 
Schmitt Trigger 


PSB2TU31 4 mA bidi TTL buffer with pullup 


PSB91CS 18 mA bidi CMOS buffer with 
Schmitt Trigger 


PSB91CU2SM 18 mA bidi CMOS buffer with 
Schmitt Trigger 


PSB91TS 18 mA bidi TTL buffer with 
Schmitt Trigger 


PSB91TU2SM 18mA bidi TTL buffer with pullup 
and Schmitt Trigger 


PSB9CS 18 mA bidi CMOS buffer with 
Schmitt Trigger 


PSB9TS 18 mA bidi TTL buffer with 
Schmitt Trigger 


PSBCITS 24 mA bidi TTL buffer with 
Schmitt Trigger 


AMET os 


V/O Cells 


Intercept Slope 
Description (Site Count) Rising Falling Rising Falling 


PSBC2TS 24 mA bidi TTL buffer with 
Schmitt Trigger 


24 mA bidi TTL buffer 


4 mA Tri-state output buffer 


8 mA Tri-state output buffer 


20 mA Tri-state output buffer 


24 mA Tri-state output buffer 


24 mA Tri-state output buffer 


24 mA Tri-state output buffer 
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ATL80 0.8 Ul Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Macrocells in alpha-numerlc order 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Hold-R Hold-F Setup-R Setup-F 


1 bit full adder (12) 


1 bit full adder 


with buffered outputs (10) 


2 input AND (2) 


2 input AND 


- high drive (3) 


3 input AND (3) 


3 input AND 
- high drive (4) 


4 input AND (3) 


4 input AND 
- high drive (4) 


AMET 


ATL80 0.8 UL Cell index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
intercept 


Slope 
Rising Falling Rising Falling 
Description (Site Count) Hold-R Hold-F Setup-R Setup-F 


5 input AND (5) 


2 input AND into 2 input NOR (2) 


AO|22H 2 input AND into 2 input NOR 
- high drive (4) 


AOI222 Two, 2 input ANDs into 
2 input NOR (4) 


AOI222H Two, 2 input ANDs into 2 input NOR 
- high drive (8) 


AOI2223 Three, 2 input ANDs into 
3 input NOR (4) 


AOI2223H _—‘ Three, 2 input ANDs into 
3 input NOR - high drive (7) 


AOI23 2 input AND into 3 input NOR (2) 
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ATL80 0.8 pl Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R MHold-F Setup-R Setup-F 


1x buffer (2) 0.050 0.022 


2x buffer (2) 0.022 0.012 


2x Tri State bus driver with active 0.052 0.032 
high enable (4) , 0.052 0.033 


2x Tri State bus driver with active 0.072 0.028 
low enable (4) 0.074 0.028 


3x buffer (3) : 0.014 0.009 


4x buffer (3) 0.010 0.007 


8x buffer (5) 0.006 


12x buffer (8) 0.004 


16x buffer (10) 0.003 


7 input carry 0.177 
lookahead (5) : 0.177 
0.177 
0.136 
0.136 


2:4 decoder (7) 


WOWWWWW WwW Ww 
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ATL80 0.8 1 Cell Index (typica Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 


Path input Rising Falling Rising Falling 
Description (Site Count) Timechk Setup-R Setup-F 


DEC4N 2:4 decoder with active 
low enable (9) 


Mw MPD — &@ &B@ a a = = — 


DEC8N 3:8 decoder with active 
low enable (24) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 


D flip-flop (8) 
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ATL80 0.8 a Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


DFFBCPX 


DFFBSRX 


DLY 1500 


DLY2100 


DLY6000 


Description (Site Count) 


D flip-flop with asynchronous 
clear and preset with 
complementary outputs (16) 


D flip-flop with asynchronous 
set and reset with 
complementary outputs (16) 


D flip-flop with 


asynchronous Clear (9) 


D flip-flop - high drive (8) 


D flip-flop with 
asynchronous reset (11) 


D flip-flop with 
asynchronous set (9) 


D flip-flop with asynchronous 


set and reset (12) 


Delay buffer 1.5 ns (6) 


Delay buffer 2.1 ns (10) 


Delay buffer 6.0 ns (24) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Timechk Load Hold-R . Hold-F Setup-R Setup-F 


C->Q 
C->QB 
CLK->Q 
CLK->QB 
P->Q 
P->QB 
D+CLK 


CLK->Q 
CLK->QB 
R->Q 
R->QB 
S->Q 
S->QB 
D+CLK 


CLK->Q 
C->Q 
D+CLK 


CLK->Q 
D+CLK 


CLK->Q 
R->Q 
D+CLK 


CLK->Q 
S->Q 
D+CLK 


CLK->Q 
S->Q 
R->Q 
D+CLK 


l->O 


l->O 


l->O 


AIMEL 


ATL80 0.8 Ul Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R 4Hold-F Setup-R Setup-F 


Set scan D flip-flop (11) CLK->Q 
D+CLK 
TI+CLK 
TE+CLK 


Set scan D flip-flop CLK->Q 

with reset (13) R->Q 
D+CLK 
TI+CLK 
TE+CLK 


1x inverter (1) 


Dual 1x inverters (2) 0.084 
0.084 


Quad 1x inverters (4) 0.084 
0.084 
0.084 
0.084 


INVITQ Quad Tri State inverter (7) 0.471 
0.471 
0.471 
0.471 
0.454 


0.454 

0.454 

0.454 ; 0.092 

0.212 ; 0.094 

0.212 | 0.094 

0.212 0.094 
0.212 0277 40.094 0.036 


2x inverter (2) 0.113 0.137 0.023 0.016 


Dual 2x inverter (4) 0.113 0.137 0.023 0.016 
0.113 0.137 0.023 0.016 
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ATL80 0.8 a Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 


Description (Site Count) Timechk Load Hoid-R Hold-F Setup-R Setup-F 


2x Tri State inverter 
with active high enable (3) 


3x inverter (2) 


4x inverter (2) 


8x inverter (4) 


10x inverter (8) 


JK flip flop (10) 


JK flip flop with asynchronous 
clear (12) 


LATCH (4) 


LATCH with complementary 
output (6) 


LATCH with complementary 
outputs and inverted gate signal (6) 
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ATL80 0.8 a Cell Index (typicai Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


LATBGQ Quad LATBG 
with common gate signal (20) 


— ok ot os et es Cet Cet OAD AD AD AD NAO NA P NP 


LATCH with high drive 
complementary outputs (7) 


Quad inverting LATCH (20) 


LATCH with reset (4) 


LATCH with set (6) 
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ATL80 0.8 1: Cell Index (typicai Delays at Tj = 25°C; Vdd = 5.0 V; input Rise and Fall Times = 1 ns; Process = Nominal) 


Description (Site Count) 


LATCH with 
set and reset (8) 


2:1 MUX (4) 


2:1 MUX - high drive (5) 


2:1 MUX with inverted 
output (3) 


2:1 MUX with inverted 
output - high drive (4) 


2:1 MUX with active low enable (4) 


Quad 2:1 MUX 
with active low enable (18) 


Intercept Slope 
Rising Falling Rising Falling 
Hold-R Hold-F Setup-R Setup-F 


Path Input 
Timechk Load 


D->Q 
H->Q 
R->Q 
S->Q 
D+H 


10->O 
l1->O 
S->O 


10->O 
l1->O 
S->O 


10->O 
l1->O 
S->O 


10->O 
l11->O 
S->O 


10->O 
li->O 
S->0 
E->O 


IA0->OA 
IA1->OA 
|BO->OB 
1IB1->OB 
ICO->OC 
IC1->OC 
1D0->OD 
1D1->OD 
E->OA 
E->OB 
E->OC 
E->OD 
S->0A 
S->OB 
S->OC 
S->OD 


wee ie ett eet’ otk att Ok 
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ATL80 0.8 ie Cell index (Typical Delays at T] = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Description (Site Count) 


MUX2Q Quad 2:1 MUX (14) 


3:1 MUX with inverted output (6) 


MUX3IH 3:1 MUX with inverted output 
- high drive (8) 


4:1 MUX (9) 


4:1 MUX with transmission 
gate data inputs (10) 


MUX4XH 4:1 MUX with transmission 
gate data inputs - high drive (10) 


Path 
Timechk 


|A0->OA 
1A1->OA 
IBO->OB 
1IB1->OB 
ICO->0C 
IC1->OC 
IDO->OD 
ID1->OD 
S->OA 
S->OB 
S->OC 
S->OD 


10->O 
l11->O 
|2->0 
S0->0 
$1i->O 


10->O 
11->O 
l2->0 
S0->0 
Si->O 


l0->O 
l1->O 
|2->0 
I3->0 
S0->O0 
$1->0 


l0->O 
l1->O 
l2->0 
I3->0 
S0->0 
$1->0 


10->O 
l1->O 
|2->0 
13->O0 
S0->0 
$1->O 


input 


NN  ) 


Intercept 


Rising 
Hold-R 


Falling 
Hold-F 


Slope 
Rising Falling 
Setup-R Setup-F 
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ATL80 0.8 Ul Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


intercept Slope 
Path Input Rising Falling Rising’ Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


5:1 MUX - high drive (14) 


PO PO = =a = = = —- 


8:1 MUX (18) 


8:1 MUX with 
active low enable (20) 


ele ek ett ett eek 


MUX8XH 8:1 MUX with transmission 
gate data inputs - high drive (18) 


MW-NMNNNN NN PY 
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ATL80 0.8 1: Cell Index (typicai Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


2 input NAND (2) 


Dual 2 input NAND (3) 

2 input NAND - high drive (2) 
3 input NAND (2) 

3 input NAND - high drive (3) 


4 input NAND (3) 


4 input NAND - high drive (4) 


5 input NAND (5) 


5 input NAND - high drive (6) 
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ATL80 0.8 1 Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


6 input NAND (6) 


6 input NAND - high drive (7) 


8 input NAND (7) 


1 
1 
1 
1 
1 
1 
1 
1 


8 input NAND - high drive (7) 


ee 


2 input NOR (2) 


Dual 2 input NOR (3) 


2 input NOR - high drive (2) 
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ATL80 0.8 1 Cell Index (typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


3 input NOR (2) 
3 input NOR - high drive (3) 


4 input NOR (3) 
4 input NOR - high drive (4) 


5 input NOR (5) 


8 input NOR (7) 


ee ee 
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ATL80 0.8 LU Cell Index (Typical Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 
Intercept Slope 


Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


NOR16H 16 input NOR - high drive (13) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


2 input OR into 
2 input NAND (2) 


OAI22H 2 Input OR into 3 input NAND 
- high drive (4) 


OAI222 Two, 2 input ORs into 
2 input NAND (2) 


OAI222H Two, 2 input ORs into 2 input NAND 
- high drive (4) 
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ATL80 0.8 1: Cell Index (typicai Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Description (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


OAI22224 ‘Four, 2 input ORs into 
4 input NAND (6) 


ee ee 


2 input OR into 3 input NAND (3) 


2 input OR (2) 


2 input OR - high drive (3) 


3 input OR (3) 


3 input OR - high drive (4) 


4 input OR (3) 
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ATL80 0.8 1 Cell Index (typica! Delays at Tj = 25°C; Vdd = 5.0 V; Input Rise and Fall Times = 1 ns; Process = Nominal) 


Intercept Slope 
Path Input Rising Falling Rising Falling 
Descripiion (Site Count) Timechk Load Hold-R Hold-F Setup-R Setup-F 


4 input OR - high drive (4) 


5 input OR (5) 


2 input exclusive NOR (4) 


2 input exclusive NOR 
- high drive (4) 


2 input exclusive OR (4) 


2 input exclusive OR 
- high drive (4) 
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I/O Cells 
Sample of buffers composed of modular VO bullding blocks 


Intercept Slope 
Description Falling Rising Falling 


PBS2C 4 mA bidi CMOS buffer 


4 mA bidi TTL buffer 


PBS2TU3 4mAbidi buffer with single 
enable TTL pullup 


PBS2TU31 4mA bidi TTL buffer with pullup 


6 mA bidi buffer with single 
enable TTL 


8 mA bidi TTL buffer 


12 mA bidi TTL buffer 


PBS6TU3 12 mA bidi TTL buffer, with pullup 


CMOS input buffer 


TTL input buffer 


TTL input buffer with 1.598 2.220 0.012 0.012 
Schmitt Trigger 
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/O Cells 


Path Input Intercept Slope 
Description Timechk Load Rising Falling Rising Falling 


PITU31 TTL input buffer with pullup 


6 mA clock buffer 


4 mA output buffer 


6 mA output buffer 


8 mA output buffer 


12 mA output buffer 


4 mA tristate output buffer 


8 mA tristate output buffer 


12 mA tristate output buffer 


4mA crystal oscillator buffer 
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CMOS Programmable Logic Devices (PLDs) 
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Standard Package Outlines 
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Using the ATV750 with Abel™ and Cupi™ 


Typical applications for first and second 
generation PLDs include address decoding 
and counting. Here is an example using the 
ATV750, a third generation PLD, to imple- 
ment a more complex counter. The follow- 
ing pages show example input listings for 
Abel™ and Cupi™, 


The first listing is for Abel™ 3.0. The sec- 
ond listing is for Cupl™ 2.15b. 


This design uses all twenty flip-flops of the 
ATV750 to build a 20-bit synchronous 
/asynchronous counter. With COUNT high 
and COUNT10, PRESET, RESET, QISEL, 
and OE low, a 1-MHz signal on the CLK pin 
will produce roughly a 1-Hz signal on pin 
23: 


The unique architecture of the macrocell 
gives the ATV750 its versatility and also in- 
creases gate utilization. Each of the twenty 
registers has its Q and Q feeding back to the 
array. 


The output registers (Q0’s) can be addressed 
directly (by the pin names in Abel™; in 
Cupl™ define PINNODES 35 through 44). 
However, to access the buried registers 
(Q1’s), the corresponding nodes have to be 
named (nodes 26 through 35 in Abel™, 
PINNODEs 25 through 34 in Cup™), They 
are called B14, B15,...B24 to show the cor- 
respondence with their QO counterparts. 
Any valid identifier can be used as a node 
name. 


The ATV750 provides a global synchronous 
Preset which is accessible through the node 
definition or by extension. Each of the 
twenty flip-flops has its own clock, reset and 
sum term (not like a second generation PLD 
that allows only one clock and one reset for 
all registers). Use the ‘.CK’ extension in 
conjunction with the named registers to de- 
fine the equations for the clock inputs for all 
the registers. Use the ‘.RE’ command fol- 
lowing the named registers to define the 
reset terms. 


The ATV750 gives the user a total of eight 
choices to configure each output. The oper- 
ators ‘:=’ and ‘=’ inform Abel™ the output 
is registered or combinatorial, respectively. 
In Cupl™, use of the .Q extension defines a 
registered output. Use the ‘!’ operator to de- 
fine an active low output; active high output 
is assumed by default. Another convenient 
method is to use the ‘ISTYPE’ statement 
(Abel™ only) to define the outputs as 
high/low and _registered/combinatorial. 
(Note: the ATV22V 10 is defined the same 
way.) 


The ATV750 has an advanced feature that 
lets the user combine or separate the sum 
terms in each macrocell. By default, the 
terms are combined. In CupI™ and Abel™, 
using the buried register automatically splits 
the sum terms. 


Sets (Abel™) or fields (CupI™) are often de- 
fined for ease of referencing a group of sig- 
nals or constants. In this particular example, 
OUTS is a collection of outputs used in the 
OE definition. Out is a reserved word in 
Cupl, and Ouch was used instead. 


When PRESET and COUNT are asserted 
and the Clk pin goes high, all registers, even 
the asynchronously clocked ones, will go to 
the ‘one’ state. This is because as each flip- 
flop goes high, it forces the clock of the next 
flip-flop high, rippling the preset condition 
throughout the entire bank. To reset the out- 
put registers and the buried registers, simply 
have RESET high and vary !QISEL 
accordingly. 


The O registers pair with the corresponding 
B registers to form ten two-bit synchronous 
counters. These are clocked by the preced- 
ing pair’s output, thus forming a 20-bit 
counter. The last product term for the ‘O’ 
logic changes this device into a ten-bit 
counter with the output register mimicking 
the B registers. This provides observability, 
and a handy test mode. Test vectors take full 


Almet 


High Density 
UV Erasable 
Programmable 
Logic Device 


Application 
Brief 
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advantage of Abel™’s and Cupl™’s ability to simulate the de- 
vice before programming. This feature can save hours of testing 
and enable the user to make the necessary changes in seconds 


ABEL™ and CUPL™ may be trademarks of others. 


Abel™ Example 

module EX3 

title '20 Bit Counter for Atmel’s ATV750 
EX375 device 'P750'; 


Clk pin 1; 

COUNT, COUNT10, PRESET pin 2, 3, 4; 

RESET, Q1SEL , OE pin a, Ll, 13a; 
014,015,016,017,018 pin 14,15, 16, £7, 18; 
019, 020,021,022,023 pin 19,20, 21, 22,297 
B14,B15,B16,B17,B18 node 26,27,28,29,30; 
B19, B20, B21, B22, B23 node 31,32,33,34,35; 
8 Nodes Description 


n 26.35 
"Sets 
OUTS=(023, 022,021, 020,019,018,017,016,015,014]; 


Ql for pins 14 to 23 


A, Lig 2, Cp X = Ly Op abay slay dead 
Equations 

014.RE = 014.Q & RESET & !Q1SEL; 
B14.RE = B14 & RESET & Q1SEL; 
015.RE = 015.Q & RESET & !Q1SEL; 
B15.RE = B15 & RESET & Q1SEL; 
016.RE = 016.Q & RESET & !Q1SEL; 
B16.RE = Bl6 & RESET & Q1SEL; 
017.RE = 017.Q & RESET & !Q1SEL; 
B17.RE = B17 & RESET & Q1SEL; 
018.RE = 018.Q & RESET & !Q1SEL; 
B18.RE = B18 & RESET & Q1SEL; 
019.RE = 019.Q & RESET & !Q1SEL; 
B19.RE = B19 & RESET & Q1SEL; 
020.RE = 020.Q & RESET & !Q1SEL; 
B20.RE = B20 & RESET & Q1SEL; 
021.RE = 021.Q & RESET & !Q1SEL; 
B21.RE = B21 & RESET & Q1SEL; 
O022.RE = 022.Q & RESET & !Q1SEL; 
B22.RE = B22 & RESET & Q1SEL; 
023.RE = 023.Q & RESET & !Q1SEL; 
B23.RE = B23 & RESET & Q1SEL; 
014.C = Clk & COUNT; 

B14.CK = Clk & COUNT; "Synchronous 
O015.CK = 014.Q & COUNT; 

B1lS.CK = 014.Q & COUNT; “Asynchronous 
016.CK = 015.Q & COUNT; 

B16.CK = 015.Q & COUNT; 

017 .CK = 016.Q & COUNT; 

BL? .CK = 016.Q & COUNT; 

018.CK = 017.Q & COUNT; 

B18.CK = 017.Q & COUNT; 

019.CK = 018.Q & COUNT; 

B19.CK = 018.Q & COUNT; 

020.CK 019.Q & COUNT; 

B20.CK 019.Q & COUNT; 

021.CK = 020.Q & COUNT; 

B21 .CK = 020.Q & COUNT; 

022.CK = 021.Q & COUNT; 

B22.CK = 021.Q & COUNT; 
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without ever leaving his or her PC. Therefore, it is highly rec- 
ommended to take the time to write a comprehensive set of test 
vectors; this will reduce the time spent on the test bench. 


O23.CK = 0O22.Q & COUNT; 

B23.CK = 022.Q & COUNT; 

B14 := !B14; 

1014 := !014.Q & B14 & !COUNT10 
# 014.0 & !B14 & !COUNT10 
# !B14 & COUNT10; 

B15 := !B15; 

1015 := !015.Q & B15 & !COUNT10 
# 015.0 & !B15 & !COUNT10 
# 'B15 & COUNT10; 

B16 := !Bl16; 

1016 := !016.Q & B16 & !COUNT10 
# 016.0 & !B16 & !COUNT10 
# 'B16 & COUNT10; 

B17 s= !B17; 

!017 := !017.Q & B17 & !COUNT10 
# O17.Q & !B17 & !COUNT10 
# 'B17 & COUNT10; 

B18 := !B18; 

'018 := !018.Q & B18 & !COUNT10 
# O18.Q & !B18 & !COUNT10 
# 'B18 & COUNT10; 

B19 := !B19; 

1019 := !019.Q0 & B19 & !COUNT10 
# O19.Q & !B19 & !COUNT10 
# 'B19 & COUNT10; 

B20 := !B20; 

!020 := !020.Q & B20 & !COUNT10 
# 020.Q & !B20 & !COUNT10 
# !'B20 & COUNT10; 

B21 := !B21; 

1021 >= !021.Q & B21 & !COUNT10 
# O21.Q & !B21 & !COUNT10 
# 'B21 & COUNT10; 

B22 s= !B22; 

!022 := !022.Q & B22 & !COUNT10 
# O22.Q & !B22 & !COUNT10 
# !B22 & COUNT10; 

B23 s= !B23; 

1023 := !023.Q & B23 & !COUNT10 
# O23.Q & !B23 & !COUNT10 

'B23 & COUNT10; 

023.PR = PRESET; 

ENABLE OUTS = !OE; 

End 
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Cupi™ Example 

Name EX75; 
Company Atmel; 
Device V750; 


[RRR KKK KKK KR RR RR RIOR KR RO RIOR RK RK IK RR RK / 


/** Allowable Target Device Types :V750 */ 


[RRR KK KKK IK IK KKK KKK KKK KKK KKK KKK KR KR KR KK IK / 


/**Inputs ak / 

PIN [1..4] = [Clk, COUNT, COUNT10, PRESET] ; 
PIN [5,11,13] = RESET,Q1SEL, OE; 
/**Outputs**/ 


PIN [14..23] = [Q14..Q23]; /* Pin Outputs*/ 
/*The easiest way to access the buried nodes 
in CUPL*/ 

/*Refer to the I/O pins by their pin names, 
and the */ 

/* QO and Q1 outputs by their pinnode names*/ 
PINNODE [25..34] = [B14..B23]; /* Q1 nodes*/ 


field BEES = [B23..B14]; /*Q1 field*/ 
field Ohi = [023..019]; /*output hi field*/ 
field Olo = [018..014]; /*output low field*/ 


field Ouch = [023..014]; /*outputfield*/ 
/** Logic Equations **/ 

/* The Asynch. Reset terms use the .AR 
extension*/ 


Q14.AR = Q14 & RESET & !Q1SEL; 
B14.AR = B14 & RESET & Q1SEL; 
Q15.AR = Q15 & RESET & !Q1SEL; 
B15.AR = B15 & RESET & Q1SEL; 
Q16.AR = Q16 & RESET & !Q1SEL; 
B16.AR = B16 & RESET & Q1SEL; 
Q17.AR = Q17 & RESET & !Q1SEL; 
B17.AR = B17 & RESET & Q1SEL; 
Q18.AR = Q18 & RESET & !Q1SEL; 
B18.AR = B18 & RESET & Q1SEL; 
Q19.AR = Q19 & RESET & !Q1SEL; 
B19.AR = B19 & RESET & Q1SEL; 
Q20.AR = Q20 & RESET & !Q1SEL; 
B20.AR = B20 & RESET & Q1SEL; 
Q21.AR = Q21 & RESET & !Q1SEL; 
B21.AR = B21 & RESET & Q1SEL; 
Q22.AR = Q22 & RESET & !Q1SEL; 
B22.AR = B22 & RESET & Q1SEL; 
Q23.AR = Q23 & RESET & !Q1SEL; 
B23.AR = B23 & RESET & Q1SEL; 


/* The Clock lines are accessed with the .CK 
extension*/ 


Q14.CK = Clk & COUNT; 
B14.CK = Clk & COUNT; /* Synchronous */ 
Q15.CK = Q14 & COUNT; 
B15.CK = Q14 & COUNT; /* Asynchronous*/ 
Q16.CK = Q15 & COUNT; 
B16.CK = Q15 & COUNT; 
OL7.EK = Q16 & COUNT; 
B17.CK = Q16 & COUNT; 
Q18.CK = Q17 & COUNT; 
B18.CK = Q17 & COUNT; 
Q19.CK = Q18 & COUNT; 
B19.CK = Q18 & COUNT; 
Q20.CK = Q19 & COUNT; 
B20.CK = Q19 & COUNT; 


Q21.CK =  Q20 & COUNT; 

B21.CK =  Q20 & COUNT; 

Q22.CK = Q21 & COUNT; 

B22.CK = Q21 & COUNT; 

Q23.CK = Q22 & COUNT; 

B23.CK = Q22 & COUNT; 

B14.D = !B14; 

Q14.D 1014 & B14 & !COUNT10 


Q14 & !B1l4 & !COUNT10 
'B14 & COUNT10; 

/* Equations for both the B and the Q 
automatically */ 

/*tells CUPL to set the ‘split’ SUM term’s 
architecture bit.*/ 

B1S5.D = !B15; 

O15.D 'Q015 & B15 & !COUNT10 


te te Il 


# Q15 & !B15 & !COUNT10 
# !B15 & COUNT10; 

B16.D = !B16; 

Q16.D = !016 & B16 & !COUNT10 
# Q16 & !B16 & !COUNT10 
# !B16 & COUNT10; 

B17.D = !B17; 

Q17.D = !0Q17 & B17 & !COUNT10 
# Q17 & !B17 & !COUNT10 
# $!B17 & COUNT10; 

B18.D = !B18; 

Q18.D = !Q18 & B18 & !COUNT10 
# Q18 & !B18 & !COUNT10 
# !B18 & COUNT10; 

B19.D = !B19; 

Q19.D = !0Q19 & B19 & !COUNT10 
# Q19 & !B19 & !COUNT10 
# !B19 & COUNT10; 

B20.D = !B20; 

Q20.D = !Q20 & B20 & !COUNT10 
# Q20 & !B20 & !COUNT10 
# !B20 & COUNT10; 

B21.D = !B21; 

Q21.D = !Q21 & B21 & !COUNT10 
# Q21 & !B21 & !COUNT10 
# !B21 & COUNT10; 

B22.D = !B22; 

Q22.D = !Q022 & B22 & !COUNT10 
# Q22 & !B22 & !COUNT10 
# {B22 & COUNT10; 

B23.D = !B23; 

Q23.D = !023 & B23 & !COUNT10 
# Q23 & !B23 & !COUNT10 
# !B23 & COUNT10; 


/*Only one synch preset equation is required*/ 
023.SP = PRESET; 

/*Use the .OE extension for the OE product 
term*/ 


014.0e = !OE ; 019.0e=!0E ; 
015.0e = !0E ; 020.0e=!0E ; 
016.0e = 10OE ; O021.0e=!0E ; 
017.0e = 10E ; O022.0e=!0E ; 
018.0e = 'OE ; 023.0e=!0E ; 
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Using the ATV2500 with Abel™ and Cupi™ 


High Density 
UV Erasable 
Programmable 
Logic Device 


The following two examples show example _—_ fuse numbers for combining the product 
headers to use when designing the _ termsare included. 


ATV2500 with Abel™ or CupI™. For CupI™, the pinnodes shown may be as- 


For Abel™, the node numbers shown may _ signed any legal Cupl™ label. Combining 
be assigned any legal Abel™ label. The __ the product terms is handled automatically. 


Abel™ Example 
module NODE2500 
title ‘Addressing 48 Registers in V2500 
NODE2500 device ‘P2500’; 
@message ’for Abel on a PC/Clone’; 


Application 
Brief 


“Inputs 

T1,i12,13 pin 1,2, 3% 

I17, 118, 119, 120, 121, 122, 123 pin 17,18, 19,20,21, 22, 23; 
I37, 138, 139, 140 pin 37,38,39,40; 

"1 /0s 

04,05,06,07,08,09 pin 4,5,6, 7,8, 93 
011,012,013,014,015,016 pin 11,12,13,14,15,16; 
024,025,026,027,028,029 pin 24,25, 26,27,28,29; 
031,032,033,034,035,036 pin 31,32, 33,34, 35,36; 


"Q2 Registers 


"Node Name Node Number Pin Associated With: 
B4,B5, B6 node 41,42, 43; "pin 4 to pin 6 
B7,B8,B9 node 44,45, 46; " pin 7 to pin 9 
B11, 8i2,;B13 node 47,48, 49; "pin 11 to pin 13 
B14,B15,B16 node 90, 51, 527 "pin 14 to pin 16 
B24,B25,B26 node 53,54, 557 "pin 24 to pin 26 
B27, B28, B29 node 56,57, 583 " pin 27 to pin 29 
B31, B32, B33 node 59,60, 61; " pin 31 to pin 33 
B34, B35, B36 node 62,63, 64; "pin 34 to pin 36 
"Q1 Registers 

"Node Name Node Number Pin Associated With: 
Q4,95,Q6 node 217,218,219; ™ pin 4 to pin 6 
Q7,98,9 node 220,221,222: “ pin 7 te pin 9 
Q11,Q12,Q13 node 223,224,2257 “ pin 11 toa pin 13 
Q14,Q15,Q16 node 226,227,228; " pin 14 to pin 16 
Q24,Q25,Q26 node ‘229,230,231; ™ pin 24 to pin 26 
Q27,Q28,Q29 node 232,233,234; “ pin 27 to pin 29 
031,032,933 node 235,236,237; “ pin 31 to pin 33 
Q34,Q35,9036 node 238,239,240; " pin 34 to pin 36 
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Cupi™ Example 
Name NODE2500 
Partno 00; 

Date 11/21/88; 


Revision 00; 
Designer J. Yu 


Company Atmel; 
Assembly None; 
Location None; 
Device V2500; 


[RK II KI KK TK KKK KK RIK KKK KKK IK KKK KKK / 


/** Allowable Target Device Types : V2500 **/ 
[RII TR ITT TOTTORI OT OORT TOK TOK OK KK / 
/** Inputs **/ 

/* This is a handy way to name a set of pins*/ 


PIN [1..3] = ({I1..13]); 
PIN (1i\e22! = [I17..123] 3 
PIN [37..40] = [{I137..140); 
/** I/Os a 

PIN [(4..9] = [04..09]; 
PIN [11.,.16] = [011..016]; 
PIN [24..29] = [024..029]; 
PIN [31..36] «, [O31 ...036] 


/** Declarations and Intermediate Variable 
Definitions */ 

/* Q2 nodes Pin assoc. with:*/ 
PINNODE [41..46] = [B4..B9]; /*PIN 4 to 9*/ 
PINNODE [(47..52] = [B11..B16]; /*PIN 11 to 16*/ 
PINNODE [53..58] = [B24..B29]; /*PIN 24 to 29*/ 
PINNODE [59..64] = [B31..B36]; /*PIN 31 to 36*/ 
/* Q1 nodes Pin assoc. with:*/ 
PINNODE [65..70] = [04..09]; /*PIN 4 to 9*/ 
PINNODE [71..76] = [Q11..Q16]; /*PIN 11 to 16*/ 
PINNODE [77..82] = [Q24..Q29]; /*PIN 24 to 29*/ 
PINNODE [83..88] = [Q31..Q36]; /*PIN 31 to 36*/ 
etc, 


Abel™ and CupI™ may be trademarks of others. 
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Using the ATV5000 


The ATV5000 logic cells retain the 
ATV2500’s basic features with two regis- 
ters, three sum terms and Q1, Q2, and pin 
feedback options. In addition, these follow- 
ing features make the ATV5000 even more 
versatile: 


1. Input latches are added to every I/O pin. 
Each latch can be enabled or disabled 
independently. 


2. The ATV5000 can be configured to feed- 
back a combinatorial sum term and 
send Q1 to the output. Feeding the com- 
binatorial sum term internally makes im- 
plementing logic equations with large 


Logic Cell with Buried Sum Term and 


Register to I/O Cell 


. Dedicated clock pins and individual 


. The addition of the buried logic cells 


. Each flip-flop can be configured as D- or 


. Asynchronous preset, asynchronous 


High Density 
UV Erasable 
Programmable 
Logic Device 


number of product terms possible with- 
out sacrificing an I/O pin. 


clock product terms create multiple 
clock options for each flip-flop. 


handles more logic than ever. 


T-type flip-flop. 


Application 
reset and programmable output polarity B ri ef 
allow registered outputs using fewer 
product terms. 


Yh D1/T1 4 Q1 
5} — | 


CLOCK 
fu) CK! — OpTION 


> tom 
pea 
—— 


CLOCK 
D CK2 | OPTION 


AR2 
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Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 


The following are sections of Abel™ and Cupl™ source files to Abel™ and Atmel-Abel™ CupI™ 
illustrate how each of these features is described in the Abel™ LENA,CLOCK pin 1,2; pin 1,2 = LENA,CLOCK; 
and Cupi™ high level description languages. Ack pin 4 istype pin 4 = Ack; 
‘reg d,buffer'; 
Pin and Node Assignments ouTA pin 5; pin 5 = outa; 
All the buried registers used in the design need to be assigned DRAM node 121 istype pinnode 105 = DRaM; 
node numbers. The following tables show the complete set of ‘reg t'; 
node numbers by quadrant. EXPAND node 70; pinnode 208 = EXPAND; 


ACKL node 813; 
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ATV5000 Abel™ and Atmel-Abel™ Node Numbers 


Quadrant |! 
Sum Term 


6 Buried Logic Cells 

B23 - B18 node 173 - 178 

LCK1 pin1; Quadrant Latch clock 

RCK1 pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


6 Buried Logic Cells 

B11 - B6 node 185 - 190 

LCK3 pin35; Quadrant Latch Clock 

RCK3 pin36; Quadrant Synchronous Register Clock 


Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 179 - 184 

LCK2 pin34; Quadrant Latch Clock 

RCK2_ pin32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


6 Buried Logic Cells 

BS5 - BO node 191 - 196 

LCK4 pin68; Quadrant Latch Clock 

RCK4 pin66; Quadrant Synchronous Register Clock 


ATV5000 Cupi™ Node Numbers 


Quadrant | 
Sum Term 


6 Buried Logic Cells 

B23 - B18 node 74 - 69 

LCK1 pini; Quadrant Latch Clock 

RCK1 pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


6 Buried Logic Cells 

B11 - B6 node 86 - 81 

LCKS pin35; Quadrant Latch Clock 

RCK3 pin 36; Quadrant Synchronous Register Clock 


AIMNEL : 


Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 75 - 80 

LCK2 pin34; Quadrant Latch Clock 

RCK2 pin32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


6 Buried Logic Celis 

B5 - BO node 87 - 92 

LCK4 pin68; Quadrant Latch Clock 

RCK4 pin66; Quadrant Synchronous Register Clock 
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Input Latch 

Each of the 52 I/Os has an input latch that can be enabled and 
disabled individually. When the latch is enabled and latch clock 
is high, the pin value is latched. When the quadrant latch clock 
is low, the latch becomes transparent. When the latch is dis- 
abled, an ATV5000 I/O acts like those of the ATV750 and 
ATV2500 I/Os. The pin input is fed directly to the array (except 
when sum term B is being used as a buried feedback). 


LOGIC 
CELL 


SELECT 


The .D and the .LE (latch enable) equations are required to en- 
able the input latch in Abel™ AHDL. The only allowed input to 
the latch is the IO pin with which it is associated. The only al- 
lowed .LE input is the quadrant latch clock (pin 1,34, 35, or 68). 
Notice that Cupl™ does not have node numbers for the input 
latches. Any pin name used in a feedback with the dot extension 
IOL tells Cupi™ that particular pin should be a latched pin. 


Abel™ and Atmel-AbeI™ Cupi™ 

ACKL.D = ACK; 

ACKL.LE = LENA; 

OUTA := ACKL; OUTA.D = ACK.IOL; 


internal Combinatorial Feedback 


for an I/O Cell 

To implement the combinatorial feedback of the B sum term, 
first define the node name with the corresponding node number. 
This node will take a five-product term equation. Regular syn- 
tax describing a combinatorial equation will describe the B sum 
term. 


Note: This B sum term node number is defined only when this 
feature is needed. When this feature is used, the output is from 
Qi through an inverter/buffer. The I/O pin becomes a output- 
only pin. It cannot be used as an input or as an input/output. 


Abel™ and Atmel-Abel™ Cupi™ 

OUTA pin 5; pin 5 = outa; 

EXPAND node 70; pinnode 208 = EXPAND; 

OUTA.D INAGINB# !INC&!IND; OUTA.D = INAGINB#! INC&!IND; 

EXPAND INA & !INC # IND; EXPAND INA & !INC # 
IND; 


(OUTA and EXPAND are in the same I/O logic cell. OUTA is the 
Q1 output to pin after the inverter/buffer and EXPAND is the com- 
binatorial sum term feedback. The feedbacks from this logic 
cell are Qi before the inverter/buffer, Q2, and the B sum term) 


Clocking Options 

There are different methods of clocking the registers in the 
ATV5000. The clock options can best described as either the 
AND function of (quadrant clock & clock product term) or 
purely the function of the clock product term (like ATV750 and 
ATV2500). 


Synchronous Operation 

The quadrant clock is the only clocking element in this mode of 
operation. The clock product term must be defined to be equal 
to 1. In Abel AHDL, .CK defines the clock product term and .CE 


is the corresponding quadrant clock. 
[ RCKn 1 
| | = To 
| LOGIC 
CELL 
CLOCK 
PRODUCT | SELECT | 
TERM [ssi sid; 


In CupI™, .cE has a different implication. The keyword .CE 
means the user wants the AND function (quadrant clock & clock 
product term) for the clock. 


Abel™ and Atmel-AbeI™ CupI™ 
OUTA.CK = 1; 
OUTA.CE = CLOCK; “cLocK is pin 2. oOUTA.cE = 'B‘1; 


Gated Synchronous Operation 

This clock option still uses the fast quadrant register clock pin, 
but now it has a gating element. The clock product term enables 
or disables the clock going to the register. 


Abel™ and Atmel-AbeI™ Cupi™ 
OUTA.CK = INX & INY & !IN2; 
OUTA.CE = CLOCK; “CLOCK is pin 2. OUTA.CE = INX&INY&!INZ; 


Asynchronous Operation 

The quadrant clock has no effect on the register in this mode of 
clock option. The register is clocked by the clock product term 
like the ATV750 and ATV2500 registers. 


Abel™ and Atmel-Abel™ Cupi™ 
OUTA.CK = INA & !INB & INC; OUTA.CK = INA & !INB & 
INC; 
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Buried Logic Cells 

There are six buried logic cells in each quadrant. Every buried 
logic cell can be configured as a buried register or as a combi- 
natorial feedback to the quadrant array. In the buried register 
mode, it’s used the same way as Qi and Q2. In the combinatorial 
feedback mode, it’s used the same way as the B sum term feed- 
back. 


Abel™ and Atmel-AbeI™ 


ADDR, XDATA node 173,174; 


CupI™ 

pinnode 74,73 = 
ADDR, XDATA; 

ADDR = A16&A15&!A14#RST; 
XDATA.T = !A16 & RST; 
XDATA.CK = INA & INC; 
XDATA.AR = INB; 


ADDR = A16&A15&6!A14#RST; 
XDATA.T = !A16 & RST; 
XDATA.CK = INA & INC; 
XDATA.AR = INB; 


D-Type and T-Type Registers 

All the registers in the ATV5000 can be configured as D- or 
T-type. The ISTYPE statement after the PIN or NODE definition in 
Abel™ AHDL tells Abel™ which type of register is needed. 


Abel™ and Atmel-Abel™ Cup!I™ 

ABC node 123 istype pinnode 103 = Asc; 
‘reg t’; 

XYZ pin 7 istype pin 7 = xyz; 

‘reg d’; 

ABC.T = INA & INB # INC; ABC.T = INA & INB # INC; 
XYZ.D = !INA # INC; XYZ.D = !INA # INC; 


In both languages, the .T extension is reserved for T flip-flop 
and .D extension for D flip-flop. 


Abel™and CupI™ may be trademarks of others. 


Asynchronous Preset 

One of the advantanges of having a programmable output polar- 
ity I/O is that the same combinatorial output often take fewer 
product terms to implement using. negative logic rather than 
positive logic or vice versa. 


The same can be done for a registered output provided the 
power-up state is not crucial (all flip-flops are reset upon power 
up). With an asynchronous preset and an asynchronous reset, 
simply swap the two product terms and invert your equation and 
polaritywill let you take advantage of expressing the same logic 
in a different polarity. The following example shows a four-to- 
one reduction in product term requirement. 


Abel™ and Atmel-AbeI™ CupI™ 

outc pin 8 istype pin 8 = ouTc; 
‘invert, reg d’; 

ouTD pin 9 istype pin 9 = !ouTD; 
‘buffer, reg d’; 

OUTC.D = INA# !INB#INC# !IND; OUTC.D = 


INA#! INB#INC#! IND; 


OUTC.CK = CLK; OUTC.CK = CLK; 


OUTC.AR = !INA & RST; OUTC.AR = ! INA & RST; 

OUTC.AP = INB & PRESET; OUTC.AP = INB & 
PRESET; 

OUTD.D = !INA&INB&!INC&IND; OUTD.D = 


! INAGINB&! INC&IND; 
OUTD.CK = CLK; 

OUTD.AR INB & PRESET; 
OUTD.AP = !INA & RST; 


OUTD.CK = CLK; 
OUTD.AR = INB & PRESET; 
OUTD.AP = !INA & RST; 
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Example Abel™ Description File 


module vV5000; 


cURL ORT enema omer aoe fF O00 Brier 


title ‘Demo ATV5000 features with Atmel-abel (IBM386 or compatible) 
Atmel Corporation PLD Joe Yu April 28, 1991’ 

V5K device ’P5000’; 

"The IOs, registers, latches, inputs, and combinatorial sum terms 

"feedbacks are named with the following prefixes for clarity: 

“ Prefix 

re - Quadrant Clocks, Latch Enables. 

" 30 - I0O pins 

s 26 - Input Latches 

" BLC - Buried Logic Cells 

" STF - Sum Term Feedbacks 

"Valid Abel AHDL identifiers can be used in place of them. 

declarations 

Il pin 1; " Quadrant 1 Latch Enable/Input 

IZ pin 2; " Quadrant 1 Synchronous Register Clock/Input 

132 pin 32? " Quadrant 2 Synchronous Register Clock/Input 

134 pin 34; “" Quadrant 2 Latch Enable/Input 

I35 pin 357 “ Quadrant 3 Latch Enable/Input 

I36 pin 36; " Quadrant 3 Synchronous Register Clock/Input 

I66 pin 66; " Quadrant 4 Synchronous Register Clock/Input 

I68 pin 68; " Quadrant 4 Latch Enable/Input 


w kkk Quadrant I kKkkk 

" I/O LOGIC CELL 

104, 105, 106, 107, 108, 109 
STF4,STF5, STF6, STF7, STF8, STF9 
104Q1, 105Q1, 106Q1, 10701, I08Q1, 10991 
104Q2, 10502, 10602, 10792, I08Q2, 10992 
1010, 1011, 1012, 1013, 1014, 1015, 1017 


STF10, STF11, STF12, STF13, STF14, STF15, STF17 
101001, 101191, 101201, 1013901, 1014901, 1015Q1, I1017Q1 
I01002, 1011902, 101202, 101302, 101402, 101502, I017Q2 
" INPUT LATCHES 

IL4, IL5, IL6, IL7, IL8, IL9 

TLi0, Lbil, TLiz, £b13, 1414, 1G15, IL17 

“ BURIED LOGIC CELL 

BLC18, BLC19, BLC20, BLC21, BLC22, BLC23 

declarations " **kke Quadrant II **** 

" I/O LOGIC CELL 


I018, 1019, 1021, 1022, 1023, 1024 


STF18, STF19, STF21, STF22, STF23, STF24 
1018Q1, 1019Q1, 102191, 1022Q1, I023Q1, 1024Q1 
1018Q2, 1019Q2, 102192, 102202, 1023Q2, 102492 

1025, 1026, 1027, 1028, 1029, 1030, 1031 

STF25, STF26, STF27, STF28, STF29, STF30, STF31 
1025Q1, 1026Q1, 102791, 1028Q1, I1029Q1, 103091, 103191 
102502, 102602, 102702, 1028Q2, 102902, 103002, 103102 
" INPUT LATCHES 

IL18,1IL19, IL21, IL22, IL23, IL24 

IL25, 1L26, IL27, IL28, IL29, IL30, IL31 

" BURIED LOGIC CELL 


BLC12, BLC13, BLC14, BLC15, BLCi16, BLC17 


AIMEL 


pin 4,5,6,7,8,9 istype ‘buffer,reg d’; 

node 69,70,71,72, 73,74; 

node 761,762,763, 764, 765, 766; 

node 121,122, 123,124,125, 1263 

pin 10,11,12,13,14,15,17 -istype 
‘buffer,reg d’ 

node 75,76,77, 78,79, 80,81; 

node 767,768, 769,770,771, 772, 773; 

node 127,128,129, 130,131, 132, 133; 


node 813,814,815, 816, 817, 818; 
node 819,820,821, 822,823,824, 825; 


node 176,177,176,175,174,173 3; 


pin 18,19,21,22,23,24 istype 
‘buffer,reg d’; 

node 82, 83,84, 85, 86,87; 

node 774,775,776, 777, 778, 7179; 

node 134,135,136,137, 138,139; 

pin 25,26,27,28,29,30,31 ISTYPE ’ BUFFER’; 

node 88,89, 90,91, 92, 93,94; 

node 780,781, 782,783,784, 785,786 ; 

node 140,141,142,143,144,145,146 ; 


node 826,827,828, 829, 830, 831; 
node 832,833,834, 835,836, 837, 838; 


node 184,183,182,181,180,179; 
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declarations " x*x*xk* Quadrant III **** 


" I/O LOGIC CELL 

1038, 1039, 1040, 1041, 1042, 1043 

STF38, STF39, STF40, STF41, STF42, STF43 
1038Q1, 1039Q1, 1040Q1, 104101, 104291, 1043Q1 
1038Q2, 103992, 1040Q2, 104102, 104202, 104392 


1044, 1045, 1046, 1047, 1048, 1049, 1051 

STF44, STF45, STF46, STF47, STF48, STF49, STF51 
1044Q1, 1045Q1, 1046Q1, 1047Q1, 1048Q1, 1049Q1, 105191 
1044Q2, 104592, 104602, 104702, 104892, 104992, 105102 
" INPUT LATCHES 

IL38, IL39, IL40, IL41, IL42, IL43 
IL44,1L45, IL46, IL47, IL48, IL49, IL51 

" BURIED LOGIC CELL 


BLC6, BLC7, BLC8, BLC9, BLC10, BLC11 
declarations " kkk*k Quadrant IV **** 

" I/O LOGIC CELL 

O52, 1053, 1055, 1056, 1057, L056 

SIF 52,5 LP 05; S5lP 55, S16 56, STFS), Sif oc 

I1052Q1, 105391, I1055Q1, 1056901, I057Q1, I058Q1 
105202, 105302, ITO5502, 105602, 105702, IO58O2 

I059, 1060, 1061, 1062, 1063, 1064, I065 

STF59, STF60, STF61, STF62, STF63, STF64, STF65 
I059Q1, I1060Q1, 106191, 106201, I1063Q1, 1064Q1, 106591 
I059Q2, 106002, 106102, 106202, 1063Q2, 106402, I06502 
" INPUT LATCHES 

IL52, 1653, 1L55, IL56, IL57, I1L58 

IL59, IL60, IL61, IL62, IL63, IL64, IL65 

" BURIED LOGIC CELL 


BLCO, BLC1, BLC2, BLC3, BLC4, BLC5 


H,L,C,D,K,U,X%,2 = 1,0,.Cs, Dig sKezpeUsy oXeg sZeF 


™ MACRO (INPUT LATCH) 
INPUT LATCH MACRO (IL, I0,QUAD_ LE) 


{?IL.D = ?I0; 
?IL.LE = ?QUAD_LE;} 
equations 


" INPUT LATCH 


pin 38,39,40,41,42,43; 

node 95,96, 97,98,99,100; 

node 787,788, 789,790, 791, 792; 

node 147,148,149,150,151,152 
istype’ reg t’; 

pin 44,45,46,47,48, 49,51; 

node 101,102,103,104,105,106, 107; 

node 793,794,795, 796,797, 798, 799; 

node 153,154,155, 156,157,158, 159; 


node 
node 


839,840,841, 842, 843, 844; 
845,846, 847,848,849, 850, 851; 


node 190,189, 188,187,186,185 
ISTYPE ‘REG D’; 


pin 52,53,55,56,57,58 istype ‘buffer’; 
node 108,109,110,111,112,113; 

node 800,801,802, 803, 804, 805; 

node 160,161,162,163,164,165; 

pin 59,60,61,62,63,64,65 istype ‘buffer’; 
node 114,115,116, 117,118,119,120; 

node 806,807,808,809, 810, 811,812; 

node 166,167,168,169,170,171,172; 


node 
node 


852,853,854, 855, 856, 857; 
858,859,860, 861, 862, 863, 864; 


node 196,195,194, 193,192,191; 


"Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, 


"the pin value is latched. 
“When the quadrant latch clock is low, 


the latch becomes transparent. 


IL4.D 
IL4.LE 


104; "The .D and the .LE (latch enable) extentions are required to describe a 

TF "latch in Abel AHDL. The only allowed input to he latch is the IO pin it 
"associates with. Theonly allowed .LE input is the quadrant latch enable. 
"They are Pin 1, 34, 35, and 68. 


"  INPUT_LATCH macro is another way to describe the latch. 


INPUT LATCH (IL5,105,11); 
INPUT LATCH (IL6,106,I11); 


“Latch Pin 5 
"Latch Pin 6 


I04.d = !104.fb; " When .oe is enabled by 108, I04 outputs a 1 bit counter. 

I04.0e = I08; "When .oe is disabled by !I08, I04 latches a data bit from the bus. 
I04.ck = 1; 

I04.ce = I12; 

roy = IL4; 


Cest vectors ( 


"Test the latches... 


[I1, 12,108, 104]-[104,1I07]) 


[ 0, 0, 


1,X J -> [{ 0, O7F 


“Transparent 


SA '¥GUG0 Of °) essen 
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[O, € 14% J] =» [| ky 1 J]; “Transparent 

[ Uv, 0, 0,0 ] —> [ 2, O ]; “Disable .oe and latch 0 
[ i, CC, lesX J] = [ 8B, O ]; “Latched 0 

Lay & 1,8 | —e T dy 0 ]; “Latched 0 

[ Dy Ge lee 1 >> [{ 0, QO ); “Transparent 

(@, ¢, lyk | -—> | he 1 J; “Transparent 

i 8 G, lzX ] -=> [ G, 0. ); “Transparent 

[U, 8, Or 1] => | Be 1]; “Disable .oe and latch 1 
if il, O& 15% J] =~ [| OO, 1 J; “Latched 1 

L dy Gy dew 1 -> [ Ly 1 js “Latched 1 

[i, G& i1,% ] =~ [ ® 1 J; “Latched 1 

equations 


. CLOCKING OPTIONS 

"There are different methods of clocking the registers in the ATV5000. The clock is 
"best described as either the AND function of (Quadrant Clock & Clock Product term) 
"or the product term by it self. In the following examples the register can be a 
"name from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or 


“ .@ flip-flop. 

I022.d = !1022.fb; 

I022.ck = I018 & !1I019; "Note there is no .ce equation defined. This is an 
1022.,ar = 10213 "asynchronous clocking method where the quadrant clock 


“has no effect. 
test_vectors ( 


([I018,1019,1I021 J) -> [ 1022 }) 

[ 0, 0,1 ] => | 0 j; 

[ 0, 0,0 ] => 0 ; 

[ C, 0,0 ] =e ff 1]; 

[ C, 0,0 ] = | 0 |]; 

equations 

I023.d = !1023.fb; 

I023.ck = I018 & !1019; "The clock product term (.ck) is used to gate the quadrant 
I023.ce = 132; "clock pin. Using quadrant clock pin in a synchronous mode 
I023.ar = 1021; “allows higher clock rate. Pin 32 is the Quadrant 2 clock pin. 
test_vectors ( 

(T32,1018,1019,I021 ] <-> [ I023]) 

[ 0, 1,0, 1 ] -> [ O]; 

{ <¢, 0,0, 0 ] -> [ O); “Product term blocks quadrant clock 

[ «¢, 1,0; © ] -> [ l]; “Product term enables quadrant clock 

[ C, 1,0, 0 ] -> [ O]; 

equations 

I024.d = !1024.fb; 

I024.ck = 1; "Note that the .ck is defined to 1. The quadrant clock is the only 
I024.ce = 132; "clocking element. The .ce is Pin 32 because it’s the proper quadrant 
I024.ar = 1021; “clock to use for synchronous operation. 

test_vectors ( 

[ 132, 1021 J) -=-> [{ I024 ]) 

[ 0, 1 }) -> [ 0 ]; 

[ C, 0 j = ff 4 ]; 

[ Cc, 0 ] =~ [ O ]; 

[ Cc, a) } -—~ [ 12 ]3 


"  D-TYPE and T-TYPE REGISTERS 

"All the registers in the ATV5000 can be configured as D or T type. The ISTYPE 
"statement after the PIN or NODE definition tells ABEL which type of register is 
"needed. 

"ABC node 122 istype ‘reg t’; 

" XYZ pin 5 istype ‘reg dc’; 

" Use the .t extension for ABC and .d extension for XYZ when you write the equations. 


equations 

" 3 Bit Synchronous Counter using T flip-flops 

I038Q2.t = 1; I038Q2.ck = 1; I038Q2.ce = 136; I038Q2.ar = 1038; 
I039Q2.t = I1038Q2; I039Q2.ck = 1; I039Q2.ce = 136; I039Q2.ar = 1038; 
I040Q2.t = I038Q2 & 103902; I040Q2.ck = 1; I040Q2.ce = 136; I040Q2.ar = 1038; 
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test_vectors 


AIMEL 


( 
[ I36, I038 J] -=-> [ 1040Q2, 103992, 1038Q2] ) 
[ 0, 1 ] => [{ 0, 0, 0 I? 
[ C, 0 ] —> [ 0, 0, 1]; 
[ C, 0 ] -—> [ 0, 1, 0 J]; 
it 0 ] =» [ 0, 1, 1 ]3 
[ C, 0 ] —> [ 1, 0, O ]3 
[ C, 0 ] me | ly Oy d ’ 
[ C, 0 ] =~ { ly dg © ? 
[ C, 0 ] =» { ly dy 1 1% 
[ C, 0 ] —> [ 0, 0, 0 Jj 
equations 
" 3 Bit Synchronous Counter using D flip-flops 
BLC6.d = !BLC6; BLC6.ck = 1; BLC6.ce = 136; BLC6.ar = 1038; 
BLC7.d = BLC6 $ BLC7; BLC7.ck = 1; BLC7.ce = 136; BLC7.ar = 1038; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ck = 1; BLC8.ce = 136; BLC8.ar = 1038; 


test_vectors ( 


[ 
( 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 


136, I1038 ] -> [BLC8,BLC7,BLC6]) 


0, 1 ] =—> [— 06, QO, 0]; 
C, 0 ) —> | 0, O, 1 j; 
C, 0 ) => | Oo, il, 0 |; 
C, 0 ) —> [| 6; I, 1]; 
Ce 0 ] =? [ 1, 0, 0 l; 
C, 0 ] => | 1, 0, 1 Jj; 
am 0 ] => [ 1, 1, 0 ; 
C, 0 ] => | 1, 1, 1 jj; 
Cc, 0 }j => [ 0, O, 0]; 


UNIVERSAL AND REGIONAL PRODUCT TERMS 
A Regional product term has inputs from all the feedbacks of its quadrant Buried 
Logic Cells, Ql’s, Q2’s, and the dedicated Inputs. In addition, a Universal 
product term has the Pin/B Sum Term Feedbacks. 

OUTPUTS and FEEDBACKS 
Combinatorial: 
Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, 
or 13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms, it leaves Ql and Q2 each with 4 product 
terms to use. 


1052 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q1.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
105201 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q1.ce = QUADRANT CLOCK 

I052Q1l.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q1.ap = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
I052Q2.ck = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ce = QUADRANT CLOCK 

I052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 

I052 -- Pin feedback, after the buffer/inverter. 
I052Q1, 1052Q1.FB -- Ql register feedback, 

I052Q2, 1052Q02.FB -- Q2 register feedback. 


Combinatorial: 
If the reduced equation requires 6 to 9 product terms, it leaves Q2 with 4 product 
terms to use. Ql will feedback the A Sum Term portion of the output logic. 


I052 = up to 9 PRODUCT TERMS (3 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
I052Q2.ck = 1 -PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ce = QUADRANT CLOCK 

T052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 


I052Q2.ap 


1 PRODUCT TERM (0 UNIVERSAL) 
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ALLOWED FEEDBACKS: 
I052,1052.PIN acne 
105202, I1035202.FB, I105202.Q. -= 
Combinatorial: 

If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Ql and Q2. Q1 feeds back A Sum Term and Q2 feeds back C Sum Term 


SOURCE: 
Pin feedback, after the buffer/inverter. 
Q2 register feedback. 


I052 = up to 13 PRODUCT TERMS (4 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

I052 -- Pin feedback, after the buffer/inverter. 
Registered: 


Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, 
or 13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 4 or less product terms, you may define a 5 product term 
equation for the STF (Sum Term Feedback) and define a 4 product term equation for 
Q2. 


1052.(d or t) up to 4 PRODUCT TERMS (1 UNIVERSAL) 


I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ck = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ce = QUADRANT CLOCK 

I052.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
[052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

STF52 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 
I052Q2.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
105202 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ce = QUADRANT CLOCK 

I052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 


ALLOWED FEEDBACKS: SOURCE: 


I052.FB -- Register feedback prior to buffer/inverter. 
I052Q2, I105202.FB -- Q2 register feedback. 

STFS2 -- Sum Term Feedback for logic expansion. 
Registered: 


If the reduced equation requires 9 to 5 product terms, 
term equation for Q2. 
I052.(d or t) = up to 9 PRODUCT TERMS (3 UNIVERSAL) 


you may write a 4 product 


I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

IO52.ck = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ce = QUADRANT CLOCK 

I052.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 

105202 «ck = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.ce = QUADRANT CLOCK 

I052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.ap — 1 PRODUCT TERM (0 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

I052 -- Pin feedback, after the buffer/inverter. 
I052.FB -- Register feedback prior to buffer/inverter. 
1605262, 105202 .F5, -- Q2 register feedback. 

Registered: 


If the reduced equation requires more than 9 product terms, it leaves zero 
product terms for Ql and Q2. 


I052.(d or t) = up to 13 PRODUCT TERMS (4 UNIVERSAL) 


I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 

1052 «Gk = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ce = QUADRANT CLOCK 

I052.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 

ALLOWED FEEDBACKS: SOURCE: 

1052, -- Pin feedback, after the buffer/inverter. 
I052.FB -- Register feedback prior to buffer/inverter. 


5-19 


ATMEL 


AIMEL 


™ AP, AR, and CK 

"Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 
" Reset) and .CK. All ARs and CKs are Universal product terms. The APs are Universal 
"product terms except the APs for Q2. 

"NOTE: AP and AR should never be active at the same time. 


equations 

1010.4 = !1010.fb; 

IO10..ck = I08; 

I010.ar = 1011; 

I010.ap = 1012; 

test_vectors ( 

[ 108, 1011, 1012 }) -> { I010]) 

[ G, di,» 0 | = [ O J; "AR 
[ 0, 0, 0 } -> [ 0 |; 

[ Cc, 0, 0 ] =2 [ 1 )3 

[ Cc, 0,0 ] “> [ 0 l? 

[ 0, 0, 1 }] => .[— 1 Js *AP 
[ 0, 1, 0 }) -> [ 0 J]; “AR 


" BURIED LOGIC CELLS 
"Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
"configured as combinatorial feedback to accommodate for logic expansion. 


equations 

BLC17.t = 1; “Registered 
BLC17.ck = 109; 

BLC17.ar = 1021; 

BLC14 = I1; "Combinatiorial 
1025 = BLC17; 

1026 = BLC14; 


test_vectors ( 


[rOos, ig2l, ii J =—> { BLC17,BLC14, 1025, 1026) ) 
[ 0, 1, 0 ] -> [ 0, 0, 0, 0 | 

[| Gy, OO, © ] “> { 1, 0; Ly U Je 

[ 0, O, 1 ] => [ Je dy 4, 1 Ik 

[ Cc, 0, 1 ] -> [ 0, 1, 0, 1 J; 

[ C, 0, 0 ] —> [ 1, 0, 1, O J; 

END; 
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Example Cupi™ Description File 


Name V5K; 
Partno NA; 
Date 7/22/91; 
Revision 01; 
Designer Joe Yu; 
Company Atmel Corporation; 
Assembly NA; 
Location U1; 
Device V5000; 
Format 43 
/* Compiled with Cupl 386 version */ 
/* The 10s, registers, inputs, and combinatorial sum terms feedbacks are named with 

* the following prefixes for clarity: 

* Prefix 

x I - Quadrant Clocks, Latch Enables. 

* IO - IO pins 

* BLC - Buried Logic Cells 

* STF - Sum Term Feedbacks 

* Valid CUPL HDL identifiers can be used in place of them. */ 
pin 1 = Ils /* Quadrant 1 Latch Enable/Input 
pin Zz = 123 /* Quadrant 1 Synchronous Register Clock/Input 
pin 32 = I32} /* Quadrant 2 Synchronous Register Clock/Input 
pin 34 = 134; /* Quadrant 2 Latch Enable/Input 
pin 35 = 135; /* Quadrant 3 Latch Enable/Input 
pin 36 = 136; /* Quadrant 3 Synchronous Register Clock/Input 
pin 66 = 166; /* Quadrant 4 Synchronous Register Clock/Input 
pin 68 = 168; /* Quadrant 4 Latch Enable/Input 

[eK Quadrant I aa KK / 
/* I/O LOGIC CELL */ 
/ * ———— * / 
pin [4..9] = (I04..9]; 
pinnode [209..204] = (STF4..9]; 
pinnode [157..152] = [104Q1, I05Q1, 106Q1, I07Q1, 108Q1, 10901]; 
pinnode [105..100] = [104Q2, I05Q2, 10602, 10702, I08Q2, 10902); 
pin [206515517] = [I010..15, 1017]; 
pinnode [203..197] = [STP10..15,STELTI) 
pinnode [151..145] = [1010Q1, 101191, 1012Q1, 1013Q1, 101491, 101591, 101791); 
pinnode [99..93] = {1010Q2, 101192, 1012Q2, 101392, 101402, 101592, 101792); 
/* BURIED LOGIC CELL Fs 
/* seess==s========== x / 
pinnode [69..74] = [BLC18..23]; 
/*x*k* Quadrant II ****/ 

/* I/O LOGIC CELL 4 
/* s=ees========== x / 
pin [18,19,21..24] = (1018, 1019, 1021. .24); 
pinnode [210..215] = [STF18,STF19,STF21..24]; 
pinnode [158..163] = [1018Q1, 1019Q1, 102191, 102291, 102391, 102401]; 
pinnode [106..111] - [I1018Q2, 101992, 102102, 102292, I1023Q2, 102402); 
pin [Z5e0dk] = [1025.31] 3 
pinnode [216..222] = (STF25 .. 3417 
pinnode [164..170] = [1025Q1, 102691, 102791, 102891, 102991, 103091, 103191]; 
pinnode [112..118] = [I1025Q2, 102602, 102702, 102892, 1029Q2, 103092, 103192]; 
/* BURIED LOGIC CELL a 
/* sese==s=========== x / 
pinnode [80..75] ~ ([BLC12..17]; 


/* 
pin 
pinnode 


/*x*e* Quadrant III ****/ 
/* I/O LOGIC CELL 


(38. .43] 
[235, .230] 


ald 
+f 


[I038. .43]; 
([STF38..43]; 


AIMEL 


Zi em OL) OI rey 


al J 
my 
*/ 
a 
of J 
ad 
aff 
*/ 


5-21 


ANIME 


[I1038Q1, I039Q1, 1040901, 104191, 104201, 104301]; 
[I1038Q2, I039Q2, 104002, 104102, 104202, 104302]; 


pinnode [183..178] 
pinnode [131..126] 


pin [44..49,51] = [1044..49,1051]; 

pinnode [229..223] = [STF44..49,STF51]; 

pinnode [177..171] = [I1044Q1, 1045Q1, 104691, 104791, 1048Q1, 104991, 105191); 
pinnode [125..119] = [I1044Q2, 1045Q2, 1046902, 104792, 1048092, 104992, 105192]; 
/* BURIED LOGIC CELL af 

/* s=2=2=s============ x / 

pinnode [81..86] = PBLC Gs ck) § 


f**e* Ouadrant ITY *+**/ 
/* I/O LOGIC CELL / 


/* =sss=========== x / 
pin [52,53,95..58] = [TO52, 1053.,1055...58] 7 

pinnode [236..241] = [STFS2,STF53, STF5S...58) 3 

pinnode [184..189] = [1052Q1, I1053Q1, 105591, 105691, 105791, 1058091]; 
pinnode [132..137] = [1052Q2, 1053902, 105592, 1056902, 105792, 105802); 

pin [59., «65] = (1059. .65]; 

Pinnode [242..248] = (STF59..65]; 

pinnode [190..196] = [1059Q1, I060Q1, 106101, 1062Q1, 106391, 1064Q1, 106501); 
pinnode [138..144] = [I105902, I060Q2, 1061902, 106202, 106302, 1064902, 106592]; 
/* BURIED LOGIC CELL */ 

/* e2=22=2s2========== x / 

pinnode [92..87] = [BLCO..5] 3 

ge INPUT LATCH 


Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, 
the pin value is latched. When the quadrant latch clock is low, the latch becomes 
transparent. af 

I04.d = !104; 

I04.0e = I08.io; 

I04.ce = ‘'B’'l; 


[07 = I04.IOL; /* When the latched input is needed in the design, i.e.. I04.IOL, 104 
is configured as having a latched input. a! j 
/* CLOCKING OPTIONS 


There are different methods of clocking the registers in the ATV5000. The clock is 
best described as either the AND function of (Quadrant Clock & Clock Product term) 
or the product term by it self. In the following examples the register can be a 
name from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or .d 


flip-flop. af 
I022.d = !1022; 
I022.ck = 1018 & !I1019; /* Note there is no .ce equation defined. This is an */ 
I022.ar = 1021; /* asynchronous clocking method where the quadrant clock */ 
/* has no effect. af 
I023.d = !1023; 
I023.ce = 1018 & !1019; /* The clock product term is used to gate the quadrant oF 
I023.ar = 1021; /* clock pin.Using quadrant clock pin in a synchronous */ 
I024.d = !1024; /* mode allows higher clock rate. Pin 32 is the Quadrant */ 
/* 2 clock pin. a] 
I024.d = !1024; 
I024.ce = ‘'B’'l; /* Note that the .ce is defined to 1. The quadrant clock */ 
I024.ar = 1021; /* is the only clocking element. The clock is Pin 32 £/ 
/* because it’s the proper quadrant clock to use for af 
/* synchronous operation. */ 
f* D-TYPE and T-TYPE REGISTERS 
All the registers in the ATV5000 can be configured as D or T type. Use the .d 
extension for D type register and .t extension for T type register. i'd 
/* 3 Bit Synchronous Counter using T flip-flops */ 
I038Q2.t = 'B'l; I038Q2.ce = 'B’l; I038Q2.ar = I038; 
I039Q2.t = 1038Q2; I039Q2.ce = 'B’1l; I039Q2.ar = 1038; 
I040Q2.t = 103802 & I1039Q2; I040Q2.ce = 'B'1; I04002.ar = 1038; 
/* 3 Bit Synchronous Counter using D flip-flops */ 
BLC6.d = !BLC6; BLC6.ce = 'B’'l; BLC6.ar = 1038; 
BLC7.d = BLC6é $ BLC7; BLC7.ce = 'B'1; BLC7.ar = 1038; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ce = 'B’l1; BLC8.ar = 1038; 
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UNIVERSAL AND REGIONAL PRODUCT TERMS 
A Regional product term has inputs from all the feedbacks of its quadrant Buried 
Logic Cells, Ql’s, Q2's, and the dedicated Inputs. In addition, a Universal product 
term has the Pin/B Sum Term Feedbacks. a 

OUTPUTS and FEEDBACKS 

Combinatorial: 
Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms, it leaves Q1 and Q2 each with 4 product 
terms to use. 

I052 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 

I052.0e 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q1.(d or t) up to 4 PRODUCT TERMS (1 UNIVERSAL) 

I052Q1.(ck or ce) 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q1.ar 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q1.ap 1 PRODUCT TERM (1 UNIVERSAL) 

105202. (d or t) up to 4 PRODUCT TERMS (1 UNIVERSAL) 

105202.(ck or ce) 1 PRODUCT TERM (1 UNIVERSAL) 


I052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052, 1052.10 -— Pin feedback, after the buffer/inverter. 
I052Q1 <a Ql register feedback. 
105202 -- Q2 register feedback. ad 
Combinatorial: 


If the reduced equation requires 6 to 9 product terms, it leaves Q2 with 4 product 
terms to use. Ql will feedback the A Sum Term portion of the output logic. 


1052 = up to 9 PRODUCT TERMS (3 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
TO5202.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
IO052Q2.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
105202 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
TO52, 1652.10 -- Pin feedback, after the buffer/inverter. 
I052Q2 -- Q2 register feedback. al j 
Combinatorial: 


If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Ql and Q2. Q1 feeds back A. Sum Term and Q2 feeds back C Sum Term. 


I052 = up to 13 PRODUCT TERMS (4 UNIVERSAL) 

I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
TO52, 1052.10 -- Pin feedback, after the buffer/inverter. */ 
Registered: 


Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 4 or less product terms, you may define a 5 product term equation 
for the STF (Sum Term Feedback) and define a 4 product 

term equation for Q2. 


TO52.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
[O52 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 
IO52.ap = 1 PRODUCT TERM (1 UNIVERSAL) 
STF52 = up to 5 PRODUCT TERMS (2 UNIVERSAL) 
I052Q02.(d or t) = up to 4 PRODUCT TERMS (1 UNIVERSAL) 
I052Q2.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ap = 1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
I052 —— Register feedback prior to buffer/inverter. 
I052Q2 =e Q2 register feedback. 
STF52 -- Sum Term Feedback for logic expansion. td 
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/* Registered: 
If the reduced equation requires 9 to 5 product terms, you may write a 4 product 
term equation for Q2. 

1052.(d or t) 


ll 


up to 9 PRODUCT TERMS (3 UNIVERSAL) 


I052.0e = 1 PRODUCT TERM (1 UNIVERSAL) 
1052. (CK 6x ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 


105202 . (d-or. t) 
I052Q2.(ck or ce) 


up to 4 PRODUCT TERMS (1 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 


I05202.ar = 1 PRODUCT TERM (1 UNIVERSAL) 

I052Q2.ap = 1] PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
I052.10 -- Pin feedback, after the buffer/inverter. 
1052 — Register feedback prior to buffer/inverter. 
I052Q2 a Q2 register feedback. */ 


/* Registered: 
If the reduced equation requires more than 9 product terms, it leaves zero product 
terms for Ql and Q2. 
I052.(d or T) = up to 13 PRODUCT TERMS (4 UNIVERSAL) 


I052.0e = 1] PRODUCT TERM (1 UNIVERSAL) 
I052.(ck or ce) = 1] PRODUCT TERM (1 UNIVERSAL) 
1052 .ar = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ap = 1 PRODUCT TERM (1 UNIVERSAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052.10 -- Pin feedback, after the buffer/inverter. 
1052 -- Register feedback prior to buffer/inverter. */ 
/* AP, AR, and CK 


Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 
Reset) and .CK or .CE. All ARs and CKs are Universal product terms. The APs are 
Universal product terms except the APs for Q2. 


NOTE: AP and AR should never be active at the same time. */ 
I010.d = !I010; 
1010 .ck = I[08; 
I010.ar = I[011; 
I010.ap = I[012; 
/* BURIED LOGIC CELLS 


Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
configured as combinatorial feedback to accommodate for logic expansion. */ 


BLC17.t = ‘Bl; /*Registered */ 
BLC17.ck = I09; 

BLCl17.ar = 1021; 

BLC14 = 11; /*Combinatiorial */ 
1025 =  BLC17; 

1026 = BLC14; 

END; 
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Using the ATV5100 


High Density 


The ATV5100 logic cells retain the 3. Dedicated clock pins and individual 


ATV2500’s basic features with two regis- clock product terms create multiple UV Erasable 
ters, three sum terms and QI, Q2, and pin clock optiogs for each flip-flop. 
feedback options. In addition, these follow- 4 The addition of the buried logic cells Prog rammable 


ing features make the ATV5100 even more 


: handles more logic than ever. 
versatile: 


5. Each flip-flop can be configured as D- or 
T-type flip-flop. 


Logic Device 


1. Input latches are added to every I/O pin. 
Each latch can be enabled or disabled 
independently. 6. Asynchronous preset, asynchronous 


; Application 
2, The ATV S100 canbe ponfiperedinteed.. Preeamm our polanty pp 


] i . 
bat: acniiiauaal ancien allow registered outputs using fewer B rie . 
inato ; product terms. 
send Q1 to the output. Feeding the com- 
binatorial sum term internally makes im- 7. Same architecture as the ATV5000 with 
plementing logic equations with large more emphasis on universal routing. 
number of product terms possible with- 
out sacrificing an I/O pin. 


Logic Cell with Buried Sum Term and 
Register to I/O Cell 


—— 
h Qi 
yf ¥ 


CELL 


CLOCK 
}u) CK2 — opTION 
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Logic Cell, Two Buried Registers, Logic Cell with Combinable 
Combinatorial to I/O Cell Sum Terms, Register to I/O Cell 


The following are sections of Abel™ and CupI™ source files to Abel™ and Atmel-Abel™ Cupi™ 

illustrate how each of these features is described in the Abel™ —— re pin 1,2; ea : ,2 = LENA, CLOCK; 
™ h; _— ACK pin pin = ACK; 

and Cupi™ high level description languages. lates "eae A hoeren”y 

Pin and Node Assignments DRAM node 121 srs. eae 

All the buried registers used in the design need to be assigned istype ‘reg t’; 

node numbers. The following tables show the complete set of EXPAND node 70; pinnode 208 = EXPAND; 

node numbers by quadrant. BER BOK ety 
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ATV5100 Abel™ and Atmel-Abel™ Node Numbers 


Quadrant | 
Sum Term 


6 Buried Logic Cells 

B23 - B18 node 173 - 178 

LCK1 pin1; Quadrant Latch clock 

RCK1 pin2; Quadrant Synchronous Register Clock 


Quadrant Ill 
Sum Term 


6 Buried Logic Cells 

B11 - B6 node 185 - 190 

LCK3 pin35; Quadrant Latch Clock 

RCK3 pin 36; Quadrant Synchronous Register Clock 


Quadrant Il 
Sum Term 


6 Buried Logic Cells 

B17 - B12 node 179 - 184 

LCK2 pin34; Quadrant Latch Clock 

RCK2 pin 32; Quadrant Synchronous Register Clock 


Quadrant IV 
Sum Term 


6 Buried Logic Cells 

B5 - BO node 191 - 196 

LCK4 pin68; Quadrant Latch Clock 

RCK4 pin 66; Quadrant Synchronous Register Clock 
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ATV5100 CupI™ Node Numbers 


Quadrant | Quadrant Il 
Sum Term Sum Term 


6 Buried Logic Cells 6 Buried Logic Cells 

B23 - B18 node 74 - 69 B17 - B12 node 75 - 80 

LCK1 pin1; Quadrant Latch Clock LCK2 pin34; Quadrant Latch Clock 

RCK1 pin2; Quadrant Synchronous Register Clock RCK2 pin32; Quadrant Synchronous Register Clock 


Quadrant Ill Quadrant IV 
Sum Term Sum Term 


6 Buried Logic Celis 6 Buried Logic Cells 

B11 - B6 node 86 - 81 B5 - BO node 87 - 92 

LCK3 pin35; Quadrant Latch Clock LCK4 pin68; Quadrant Latch Clock 

RCK3 pin36; Quadrant Synchronous Register Clock RCK4 pin66; Quadrant Synchronous Register Clock 
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input Latch 

Each of the 52 I/Os has an input latch that can be enabled and 
disabled individually. When the latch is enabled and latch clock 
is high, the pin value is latched. When the quadrant latch clock 
is low, the latch becomes transparent. When the latch is dis- 
abled, an ATV5100 I/O acts like those of the ATV750 and 
ATV2500 I/Os. The pin input is fed directly to the array (except 
when sum term B is being used as a buried feedback). 


LOGIC 
CELL 


SELECT 


The .D and the .LE (latch enable) equations are required to en- 
able the input latch in Abel™ AHDL. The only allowed input to 
the latch is the IO pin with which it is associated. The only al- 
lowed .LE input is the quadrant latch clock (pin 1,34, 35, or 68). 
Notice that CupI™ does not have node numbers for the input 
latches. Any pin name used in a feedback with the dot extension 
IOL tells Cupl™ that particular pin should be a latched pin. 


Abel™ and Atmel-AbeI™ Cupi™ 


ACKL.D = ACK; 
ACKL.LE = LENA; 
OUTA := ACKL; OUTA.D = ACK.IOL; 


Internal Combinatorial Feedback 

for an I/O Cell 

To implement the combinatorial feedback of the B sum term, 
first define the node name with the corresponding node number. 
This node will take a five product term equation. Regular syn- 
tax describing a combinatorial equation will describe the B sum 
term. 


Note: This B sum term node number is defined only when this 
feature is needed. When this feature is used, the output is from 
Q1 through an inverter/buffer. The 1/O pin becomes a output- 
only pin. It cannot be used as an input or as an input/output. 


Abel™ and Atmel-AbeI™ CupI™ 

OUTA pin 5; pin 5 = OUTA; 

EXPAND node 70; pinnode 208 = EXPAND; 
OUTA.D = OUTA.D = 


INAGINB# ! INC&! IND; INA&INB#! INC&! IND; 


EXPAND = INA & !INC # IND; EXPAND = INA & ! INC # IND; 


(OUTA and EXPAND are in the same I/O logic cell. OUTA is the 
Ql! output to pin after the inverter/buffer and EXPAND is the com- 
binatorial sum term feedback. The feedbacks from this logic 
cell are Qi before the inverter/buffer, Q2, and the B sum term) 


Clocking Options 

There are different methods of clocking the registers in the 
ATV5100. The clock options can best described as either the 
AND function of (quadrant clock & clock product term) or 
purely the function of the clock product term (like ATV750 and 
ATV2500). 


Synchronous Operation 

The quadrant clock is the only clocking element in this mode of 
operation. The clock product term must be defined to be equal 
to 1. In Abel AHDL, .CK defines the clock product term and .CE 


[ RCKn 1 
| | = To 
| LOGIC 
CELL 
CLOCK 
PRODUCT | SELECT | 
TERM [ss _s—i sid 
is the corresponding quadrant clock. 


In Cupi™, .cE has a different implication. The keyword .CE 
means the user wants the AND function (quadrant clock & clock 
product term) for the clock. 


Abel™ and Atmel-Abel™ 
OUTA.CK = 1; 


OUTA.CE = CLOCK; "CLOCK is pin 2 


CupI™ 
OUTA.CE = 'B’1; 


Gated Synchronous Operation 

This clock option still uses the fast quadrant register clock pin, 
but now it has a gating element. The clock product term enables 
or disables the clock going to the register. 


Abel™ and Atmel-AbeI™ Cupi™ 
OUTA.CK = INX & INY & !INZ; 
OUTA.CE = CLOCK; "CLOCK is pin 2 OUTA.CE = 


INX&INY&!INZ; 


Asynchronous Operation 

The quadrant clock has no effect on the register in this mode of 
clock option. The register is clocked by the clock product term 
like the ATV750 and ATV2500 registers. 


Abel™ and Atmel-AbeI™ Cupi™ 
OUTA.CK = OUTA.CK = 
INA & !INB & INC; INA & !INB & INC; 
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Buried Logic Cells 

There are six buried logic cells in each quadrant. Every buried 
logic cell can be configured as a buried register or as a combi- 
natorial feedback to the quadrant array. In the buried register 
mode, it’s used the same way as Q1 and Q2. In the combinatorial 
feedback mode, it’s used the same way as the B sum term feed- 
back. 


Abel™ and Atmel-AbeI™ 


Cupi™ 
ADDR,XDATA node 173,174; pinnode 74,73 = ADDR, XDATA; 
ADDR = A1l6&A15&!A14#RST; ADDR = Al6&6A15&!A14#RST; 


XDATA.T = !A16 & RST; XDATA.T = !A16 & RST; 
XDATA.CK INA & INC; XDATA.CK INA & INC; 
XDATA.AR INB; XDATA.AR INB; 


D-Type and T-Type Registers 

All the registers in the ATV5100 can be configured as D- or 
T-type. The ISTYPE statement after the PIN or NODE definition in 
Abel™ AHDL tells Abel™ which type of register is needed. 


Abel™ and Atmel-Abel™ CupI™ 

ABC node 123 istype ‘reg t’; pinnode 103 = ABC; 

XYZ pin 7 istype ‘reg d’; pin 7 = XYZ; 

ABC.T = INA & INB # INC; ABC.T = INA & INB # INC; 
XYZ.D = !INA # INC; XYZ.D = !INA # INC; 


In both languages, the .T extension is reserved for T flip-flop 
and .D extension for D flip-flop. 


Abel™ and CupI™ may be trademarks of others. 


Asynchronous Preset and Reset 

One of the advantanges of having a programmable output polar- 
ity I/O is that the same combinatorial output often takes fewer 
product terms to implement using negative logic rather than 
positive logic or vice versa. 


The same can be done for a registered output provided the 
power-up state is not crucial (all flip-flops are reset upon power 
up). With an asynchronous preset and an asynchronous reset, 
simply swap the two product terms and invert your equation and 
polarity will let you take advantage of expressing the same logic 
in a different polarity. The following example shows a four-to- 
one reduction in product term requirement. 


Abel™ and Atmel-AbeI™ Cupi™ 

OUTC pin 8 pin 8 = OUTC; 
istype ’invert,reg d’; 

OUTD pin 9 pin 9 = !OUTD; 
istype ‘buffer,reg d’; 

OUTC.D = OUTC.D = 


INA# !INB#INC# ! IND; 
OUTC.CK = CLK; 


INA#! INB#INC#! IND; 
OUTC.CK = CLK; 


OUTC.AR = !INA & RST; OUTC.AR = !INA & RST; 
OUTC.AP = INB & PRESET; OUTC.AP = INB & PRESET; 


OUTD.D = OUTD.D = 
!INA&INB&! INC&IND; !INA&INB&! INC&IND; 
OUTD.CK = CLK; OUTD.CK = CLK; 


OUTD.AR = INB & PRESET; OUTD.AR = INB & PRESET; 
OUTD.AP = !INA & RST; OUTD.AP = !INA & RST; 


In the ATV5100, all asynchronous reset and preset terms are 
regional. Hence, their inputs must be from the eight dedicated 
input pins or from the other regional bus signals (logic cell Q1 
and Q2 feedback and buried cell feedback). 
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Example Abel™ Description File 


module V5100; 
title ‘Demo ATV5100 features with ATmel-abel (IBM386 or compatible) 
Atmel Corporation PLD Joe Yu May 20, 1992’ 
V5K device 'P5100’'; 
"The IOs, registers, latches, inputs, and combinatorial sum terms feedbacks are named "with the 
following prefixes for clarity: 


" Prefix 

a - Quadrant Clocks, Latch Enables. 

* 610 - IO pins 

e <L - Input Latches 

“  BLC - Buried Logic Cells 

“ STF - Sum Term Feedbacks 

" Valid Abel AHDL identifiers can be used in place of them. 
declarations 

Il pin 1; "Quadrant 1 # £=Latch Enable/Input 

I2 pin 2; " Quadrant 1 Synchronous Register Clock/Input 
I32 pin 32; ™ Quadrant 2 Synchronous Register Clock/Input 
I34 pin 34; “™ Quadrant 2 Latch Enable/Input 

I35 pin 35; ™“™ Quadrant 3 Latch Enable/Input 

I36 pin 36; " Quadrant 3 Synchronous Register Clock/Input 
I66 pin 66; "™ Quadrant 4 Synchronous Register Clock/Input 
I68 pin 68; "™ Quadrant 4 Latch Enable/Input 


i‘ wees Ouadrant I se** 
" I/O LOGIC CELL 


I04, 105, 106, I07, 108, I09 pin 4,5,6,7,8,9 istype ‘buffer,reg d’; 
STF4,STF5, STF6,STF7, STF8, STF9 node 69,70,71,72, 73,74; 

I04Q1, 105Q1, I106Q1, I07Q1, I08Q1, I09Q1 node 761,762,763, 764,765,766 ; 

I104Q2, 105Q2, I106Q2, 10792, I08Q2, I09Q2 node 121,122,123,124,125,126 ; 

1010, 1011, IO12, IO13, 1014, 1015, 1017 pin 10,11,12,13,14,15,17 istype ‘buffer,reg d’; 
STF10, STF11, STF12, STF13, STF14, STF15, STF17 node 75,76, 77,78,79, 80,81; 


1010901, 101191, 1012Q1, 101391, 101491, 1015Q1,1017Q1 node 767,768,769,770,771,772,773 ; 
161062, 101192, 101202, IO1302, IO1402, 101502, IO17Q@2 node 127,128,129,130,131,132,1335 ; 
" INPUT LATCHES 

IL4, IL5, IL6, IL7, IL8, IL9 node 813,814,815, 816, 817, 818; 
IL10, TL11, Tb12, Ib13, 1L14, 1415, T1417 node 819,820,821,822, 823, 824, 825; 
" BURIED LOGIC CELL 

BLC18, BLC19, BLC20, BLC21, BLC22, BLC23 node 178,177,176,175,174,173 ; 
declarations " *xkk*k Quadrant II **** 

" I/O LOGIC CELL 


1018, 1019, 1021, 1022, 1023, [024 pin 18,19,21,22,23,24 istype ‘buffer,reg d’; 
STF18, STF19, STF21, STF22, STF23, STF24 node 82, 83,84, 85, 86,87; 

I018Q1, 1019901, 102101, 102201, 1023Q1, 1024Q1 node 774,775,776, 777, 778, 779; 

I018Q2, 1019902, 102102, 102202, I023Q2, I024Q2 node 134,135,136,137, 138,139; 

1025, 1026, 1027, 1028, 1029, 1030, 1031 pin 25,26,27,28,29, 30,31 ISTYPE ’ BUFFER’ ; 
STF25, STF26, STF27, STF28, STF29, STF30, STF31 node 88,89, 90,91, 92, 93,94; 


I025Q1, 1026Q1, 102701, 102801, 1029Q1, I1030Q1, I1031Q1 node 780, 781,782,783, 784,785, 786 ; 
I1025Q2, 1026902, 102702, 102802, 1029902, 103002, 103102 node 140,141,142,143,144,145,146 ; 
" INPUT LATCHES 

IL18, 1L19, IL21, IL22, IL23, IL24 node 826,827,828, 829, 830, 831; 
IL25, 1L26, IL27, IL28, IL29, IL30, IL31 node 832,833,834, 835, 836, 837, 838; 
" BURIED LOGIC CELL 

BLC12, BLC13, BLC14, BLC15, BLC16, BLC17 node 184,183,182,181,180,179; 
declarations " x*xk*x Quadrant III **** 
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" I/O LOGIC CELL 
I038, 1039, 1040, 1041, 1042, 1043 
STF38, STF39, STF40, STF41, STF42, STF43 
I038Q1, 103991, 104091, 104101, 104291, 104391 
I038Q2, 1039902, 1040902, 1041902, I1042Q2, 1043Q2 
1044, 1045, 1046, 1047, 1048, 1049, I051 
STF44, STF45, STF46, STF47, STF48, STF49, STF51 
104401, 104501, 104601, 1047091, 104801, I1049Q1, 105191 
1044902, 1045Q2, 104602, 104702, I1048Q2, 104902, I051Q2 
" INPUT LATCHES 
IL38, IL39, IL40, IL41, IL42, IL43 
IL44,1L45, IL46, IL47, IL48, IL49, IL51 
" BURIED LOGIC CELL 
BLC6, BLC7, BLC8, BLC9, BLC10, BLC11 
declarations " week Quadrant IV **** 
" I/O LOGIC CELL 
16052, 1053, 1055, 1056, 1057, 1058 
STF52, STF53, STF55, STFS6, STF57, STFSS 
I052Q1, I1053Q1, 1055Q1, 105601, I1057Q1, I058Q1 
105202, 1053902, 105502, 105602, 105702, I058Q2 
I059, 1060, I061, 1062, 1063, I064, I065 
STF59, STF60, STF61, STF62, STF63, STF64, STF65 
1059Q1, 106001, 106101, 106201, 106301, 106401, 106591 
I059Q2, I060Q2, 106102, 106202, 106302, 106402, 106502 
" INPUT LATCHES 
IL52, IL53, IL55, IL56, IL57, IL58 
IL59, IL60, IL61, IL62, IL63, IL64, IL65 
" BURIED LOGIC CELL 
BLCO, BLC1, BLC2, BLC3, BLC4, BLC5 

H, L,C,D,K,0,%,2 = 170, «Cig cDea s Kegs 
" MACRO (INPUT LATCH) 
INPUT LATCH MACRO (IL, 1I0,QUAD_LE) 


{?IL.D = ?I10; 
?IL.LE = ?QUAD_ LE; } 
equations 


” INPUT LATCH 


pin 38,39,40,41, 42,43; 

node 95,96, 97, 98,99, 100; 

node 787,788, 789,790, 791, 792; 

node 147,148,149,150,151,152 istype ‘reg t’; 
pin 44,45,46,47,48,49,51; 

node 101,102,103,104,105,106,107; 

node 793,794,795, 796,797, 798, 799; 

node 153,154,155, 156,157, 158, 159; 


node 
node 


839,840,841, 842, 843, 844; 
845,846, 847,848,849, 850, 851; 


node 190,189,188,187,186,185 ISTYPE ‘REG D’; 


pin 52,53,55,56,57,58. istype “buffer ; 
node 108,109,110,111,112, 113; 

node 800,801,802, 803,804,805; 

node 160,161,162,163,164,165; 

pin 59,60,61,62,63,64,65 istype ‘'buffer’; 
node 114,115,116,117,1168, 119,120; 

node 806, 807,808,809, 810, 811, 812; 

node 166,167,168,169,170,171,172; 


852, 853,854,855, 856, 857; 
858,859, 860,861, 862, 863, 864; 


196,195, 194,193,192, 191; 


"Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, the 


"pin value is latched. 
"When the quadrant latch clock is low, 


IL4.D = 


the latch becomes transparent. 


IL4.LE 


104; 
Ti; 


"The .D and the .LE (latch enable) extentions are required to describe a 
"latch in. Abel AHDL. The only allowed input to the latch is the IO pin 
“it associates with.The only allowed .LE input is the quadrant latch 
“enable. They are Pin 1, 34, 35, and 68. 


"INPUT _LATCH macro is another way to describe the latch. 


INPUT_LATCH (IL5,105,11); 
INPUT LATCH (IL6,106,11); 


I04.d = !I104.fb; "™ When .oe is enabled by I08, 
I04.0e = 134; "When .oe is disabled by !134, 
I04.ck = 1; 

I04.ce = 12; 

I07= IL4; 


test_vectors ( 


"Latch Pin 5 

"Latch Pin 6 

I04 outputs a 1 bit counter. 

I04 latches a data bit from the bus. 


"Test the latches... 


[I1,12,134,104]-[104,107]) 


[ 0, G@, lx -] -> [ 0, O ); "Transparent 
[ Oy C, 1lyX J -> [ Le 1 J; “Transparent 
[ U,; 90, 0,0 ] -> [ Ze O J; “Disable .oe and latch 0 
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i ain Cy Lek 2 -> [ 0, O jz; “Latched 0 

i 1, & 1,2 | => [{ 1, O Jj; “Latched 0 

[ D, Cy igk J -> [{ 0, 0 ]; “Transparent 

| 0, G dsX 4) >> { 1, 1 J; “Transparent 

fo, & 1,z% j -> [ 0, Oj; “Transparent 

[ U, 0, 0,1 J) => [ @, 1 J]; “Disable .oe and latch 1 
{ i, 0; i,% }j] =~ -[ 6, 1 J]; “Latched 1 

[ iy & Beth 1 ~> [{ 1, 1 J; “Latched 1 

Ll Ay Gs tee F -> [ 0, 1]; “Latched 1 

equations 


"CLOCKING OPTIONS 

"There are different methods of clocking the registers in the ATV5001. The clock is 
"best described as either the AND function of (Quadrant Clock & Clock Product term) 
"or the product term by it self. In the following examples the register can be a name 
" from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or.d 


ws flip-flop. 

I022.d = !1022.fb; 

T1022 .ck = 1018 & !I019; “Note there is no .ce equation defined.This is an asynchronous 
I022.ar = 166; “clocking method where the quadrant clock has no effect. 


test_vectors ( 


{[I1018,1019,I166 J] -> [ I022 }) 

[ 0, 0,1 } = | 0 |; 

[ 0, 0,0 ] -—> [ 0 j; 

[ C, 0,0 ] => | 1]; 

[ C, 0,0 ) =e | 0 |; 

equations 

I023.d = !1023.fb; 

fOZ3 «Ck = 1018 & !1019; “The clock product term (.ck) is used to gate the quadrant 
"clock pin. 

1023 .¢e = 132; "Using quadrant clock pin in a synchronous mode allows higher 
"clock rate. 

I023.ar = 166; "Pin 32 is the Quadrant 2 clock pin. 

test_vectors ( 

[I3S2,1018,1019,166 ] <-> { I023]) 

[ 0, 1,0, 1 ] =e [ OJ; 

[i «& 0,0, © ] -> [ O); “Product term blocks quadrant clock 

[ <, 1,0, © ] -> { 1); “Product term enables quadrant clock 

[ C, 1,0, 0 ] = {[ 0); 

equations 

I024.d = !1024.fb; 

I024.ck = 1; "Note that the .ck is defined to 1. The quadrant clock is the only 

"clocking element. 

I024.ce = 132; "The .ce is Pin 32 because it’s the proper quadrant clock to use for 

I024.ar = 166; “synchronous operation. 

test_vectors ( 

[ 132, 166 }) -> [ 1024 ]}) 

[ J } => [{ 0O ]; 

[ cC, ) | = [{ fi ); 

[ C, 0 | =~» { @ }; 

{[ C, 0 { = [ 72 ); 


" D-TYPE and T-TYPE REGISTERS 

"All the registers in the ATV5001 can be configured as D or T type. The ISTYPE 
"statement after the PIN or NODE definition tells ABEL which type of register is 
"needed. 


"ABC node 122 istype ‘reg t’; 
" XYZ pin 5 istype ‘reg d’; 
"Use the .t extension for ABC and .d extension for XYZ when you write the equations. 


equations 
" 3 Bit Synchronous Counter using T flip-flops 
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I038Q2.t = 1; 
I039Q2.t = I038Q2; 
I040Q2.t = I038Q2 & 


test vectors 


( 
{[ 136, 168 ] 
LC i ] 
Lt €, 0 ] 
[ Cc, 0 ] 
[ Cc, 0 ] 
t «, 0 ] 
[ Cc, 0 ] 
[ ¢, 0 ] 
[ Cc, 0 ] 
[ C, 0 ] 
equations 


[ 
[ 
[ 
[ 
-> [ 
[ 
[ 
[ 
[ 
[ 


I039Q2; 


= = = 


-= 


= = = 


OrrrrOOO Oo 
= 


= 
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I038Q2.ck = 1; I038Q2.ce = 136; 
I039Q2.ck = 1; I039Q2.ce = 136; 
I040Q2.ck = 1; 


1040902, 103902, 1038Q2] ) 


0, 0 3 
); 
}3 
); 
3 
)3 
)3 
)3 
); 


= = 


= 


= = = 


oOorroorr oO 
= 
OrOoOorOr OF 
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" 3 Bit Synchronous Counter using D flip-flops 


BLC6.d = !BLC6; BLC6.ck = 1; BLC6.ce = 136; 
BLC7.d = BLC6 S$ BLC7; BLC7.ck = 1; BLC7.ce = 136; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ck = l; BLC8.ce = 136; 


test_vectors ( 


[ 136, i68 ] 
{[ 0, 1 ] 
[ Cc, 0 ] 
[ Cc, 0 ] 
[ c, 0 ] 
[ Cc, 0 ] 
[ C¢, 0 ] 
[ ¢ 90 ] 
[ Cc, 0 ] 
[ 0 } 


-> [BLC8,BLC7,BLC6]) 


-> 
-> 
=> 
=> 
-> 
-> 
=> 
-> 
=> 
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m UNIVERSAL AND REGIONAL PRODUCT TERMS 
"A Regional product term has inputs from all the feedbacks of its quadrant Buried 


"Logic Cells, 


Ql’s, 


"term has the Pin/B Sum Term Feedbacks. 
" OUTPUTS and FEEDBACKS 
" Combinatorial: 


"Use IO pin name to define the equation. The sum terms may combine to allow 5, 
" 13 product terms depending on the need of the reduced equation. 


"equation requires 5 
"terms to use. 


" I052 
7 I052.0e 
" I052Q1. 
" I052Q1 
" I052Q1 
bi I052Q1 
” 105201 
" 105202 . 
= I052Q2 
i I052Q2 
s I052Q2 
" I052Q2 


(d or bt) 


sok 
.ce 
,ar 
.ap 


(d 


Gk 
.ce 
.ar 
.ap 


or t) 


"ALLOWED FEEDBACKS: 


= 10352 


- 105201, 105201 .F8 
“« 105202, 105202 .FE 
"Combinatorial: 


“ If the reduced equation requires 6 to 9 product terms, 


or less product terms, 


up to 5 PRODUCT TERMS (3UNIVERSAL) 
1 PRODUCT TERM (REGIONAL) 
up to 4 PRODUCT TERMS (2 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 
QUADRANT CLOCK 
1 PRODUCT TERM (REGIONAL) 
1 PRODUCT TERM (REGIONAL) 
up to 4 PRODUCT TERMS (3 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 
QUADRANT CLOCK 
1 PRODUCT TERM (REGIONAL) 
1 PRODUCT TERM (REGIONAL) 

SOURCE: 


Pin feedback, after the buffer/inverter. 


Ql register feedback. 
Q2 register feedback. 


I038Q2.ar 
103902 .ar 
I040Q2.ce 


BLC6.ar 
BLC7.ar 
BLC8.ar 


"terms to use. Ql will feedback the A Sum Term portion of the output logic. 


168; 
168; 
136; 1I1040Q2.ar 


168; 
168; 
168; 


Q2’'s,and the dedicated Inputs. In addition, a Universal product 


9. OF 


If the reduced 
it leaves Q1 and Q2 each with 4 product 


it leaves Q2 with 4 product 
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* 1052 = up to 9 PRODUCT TERMS (5 UNIVERSAL) 
" I052.0e = 1 PRODUCT TERM (REGIONAL) 

" I052Q2.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
105202 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

" I052Q2.ce = QUADRANT CLOCK 

m I052Q2.ar = 1 PRODUCT TERM (REGIONAL) 

s I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 
“ALLOWED FEEDBACKS: SOURCE: 

m TOS2 -- Pin feedback, after the buffer/inverter. 
" I052Q2, I105202.FB -- Q2 register feedback. 

" Combinatorial: 


"If the reduced equation requires more than 9 product terms, it leaves no product 
“terms for Ql and Q2. Q1 feeds back A Sum Term and Q2 feeds back C Sum Term. 


™ I052 = up to 13 PRODUCT TERMS (8 UNIVERSAL) 

" I052.0e = 1 PRODUCT TERM (REGIONAL) 

" ALLOWED FEEDBACKS: SOURCE: 

* 1052 -—- Pin feedback, after the buffer/inverter. 
“ Registered: 


"Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, or 
"13 product terms depending on the need of the reduced equation. If the reduced 
"equation requires 4 or less product terms, you may define a 5 product term equation 
"for the STF (Sum Term Feedback) and define a 4 product term equation for Q2. 


* [052.(da Gr £} = up to 4 PRODUCT TERMS (2 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 

TOS2Z Ck = 1 PRODUCT TERM (1 UNIVERSAL) 

" I052.ce = QUADRANT CLOCK 

1052.ar = 1 PRODUCT TERM (REGIONAL) 

I052.ap = 1 PRODUCT TERM (REGIONAL) 

* STF52 = up to 5 PRODUCT TERMS (3 UNIVERSAL) 

" I052Q2.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 

” I052Q2 .ck = 1 PRODUCT TERM (1 UNIVERSAL) 

si I052Q2.ce = QUADRANT CLOCK 

nm I052Q2.ar = 1 PRODUCT TERM (REGIONAL) 

" I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 

“ ALLOWED FEEDBACKS: SOURCE: 

w 1052.FB, 1052.0 nia Register feedback prior to buffer/inverter. 
" 6I052¢02 a Q2 register feedback. 

“ @6STFS2Z == Sum Term Feedback for logic expansion. 
" Registered: 


"If the reduced equation requires 9 to 5 product terms, you may write a 4 product 
"term equation for Q2. 


" I052.(d or t) = up to 9 PRODUCT TERMS (5 UNIVERSAL) 

" I052.0e = 1 PRODUCT TERM (REGIONAL) 

” 1052 «ek = 1 PRODUCT TERM (1 UNIVERSAL) 

” I052.ce = QUADRANT CLOCK 

" LODZ ,ar = 1 PRODUCT TERM (REGIONAL) 

ws I052.ap = 1 PRODUCT TERM (REGIONAL) 

" I052Q2.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 

a I052Q2 ..ck = 1 PRODUCT TERM (1 UNIVERSAL) 

a I052Q2.ce = QUADRANT CLOCK 

ad I052Q2.ar = 1 PRODUCT TERM (REGIONAL) 

™ I052Q2.ap ~ 1 PRODUCT TERM (REGIONAL) 

“ALLOWED FEEDBACKS: SOURCE: 

" 61052 —a Pin feedback, after the buffer/inverter. 
* 1052.FB -= Register feedback prior to buffer/inverter. 
" IO5202 — Q2 register feedback. 


" Registered: 
" If the reduced equation requires more than 9 product terms, it leaves zero product 
terms for Ql and Q2. 


" 1O52.(d or £&) = up to 13 PRODUCT TERMS (8 UNIVERSAL) 
™ I052.0e = 1 PRODUCT TERM (REGIONAL) 
= 1052 ck = 1 PRODUCT TERM (1 UNIVERSAL) 
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™ I052.ce = QUADRANT CLOCK 

™ I052.ar = 1 PRODUCT TERM (REGIONAL) 

I052.ap = 1 PRODUCT TERM (REGIONAL) 

"ALLOWED FEEDBACKS: SOURCE: 

w § TOs2 -- Pin feedback, after the buffer/inverter. 

" T052.F5 = Register feedback prior to buffer/inverter. 


sa AP, AR, and CK 

"Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 
" Reset) and .CK. AlL CKs are Universal product terms. The ARs and APs are Regional 
"product terms. 

"NOTE: AP and AR should never be active at the same time. 


equations 

1010.4 = !1010.fb; 
I010.ck = 108; 
I010.ar = I66; 
I010.ap = 135; 


test _vectors ( 


{ 108, I66, I35 ] => [ I010 ]) 
[ 0, 1,0 ] —> ‘| O J; “AR 
[ 0, 0,0 }; =>. | 0 |; 
[ C, 0,0 ]) = | 1]; 
[ C, 0,0 } =- | 0]; 
tf Oo, 2 } = | 1 jz “AP 
[ 0, 1,0 ; << | O ]; "AR 


° BURIED LOGIC CELLS 
"Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
"configured as combinatorial feedback to accommodate for logic expansion. 


equations 

BLC17.t = 1; “Registered 
BLC17.ck = I09; 

BLCl17.ar = 166; 

BLC14 = I1; "Combinatiorial 
I025 = BLC17; 

I026 = BLC14; 


test _vectors ( 
[I09, 166, ii 


] => [ BLC17,BLC14, 1025, 1026] } 
[ 0, 1,0 ] -> [ 0, 0, 0, 0 ]3 
[ C, 0,0 ] = | 1, 0, ’ 0 )3 
[ 0, 0, ch ] —> | 1, 1, 1, i 3 
[ C, 0,1 ] > | 0, l, 0, L. {5 
[ C, 0, 0 ] => | 1, 0, 1, Oj; 
END; 


ee ee 
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Example Cup!™ Description File 


Name V5100CU; 
Partno NA; 
Date 5/20/92; 


Revision 01; 

Designer Joe Yu; 

Company Atmel Corporation; 

Assembly NA; 

Location U1; 

Device V5100; 

Format 43 

/* Compiled with Cupl 386 version */ 

/* The IOs, registers, inputs, and combinatorial sum terms feedbacks are named with 
/* the following prefixes for clarity: 


* Prefix 
* JI - Quadrant Clocks, Latch Enables. 
* IO - IO pins 
* BLC - Buried Logic Cells 
* STF - Sum Term Feedbacks 
* 


Valid CUPL HDL identifiers can be used in place of them. */ 


pin l = Il; /* Quadrant 1 Latch Enable/Input */ 
pin 2 = 12; /* Quadrant 1 Synchronous Register Clock/Input*/ 
pin 32 = 132; /* Quadrant 2 Synchronous Register Clock/Input*/ 
pin 34 = 134; /* Quadrant 2 Latch Enable/Input */ 
pin 35 = 135; /* Quadrant 3 Latch Enable/Input */ 
pin 36 = 136; /* Quadrant 3 Synchronous Register Clock/Input*/ 
pin 66 = 166; /* Quadrant 4 Synchronous Register Clock/Input*/ 
pin 68 = I68; /* Quadrant 4 Latch Enable/Input */ 


[xe Quadrant I keke / 
/* I/O LOGIC CELL ¥/ 


/* ssess=s======== x / 
pin [4..9] = [104..9]; 

pinnode [209..204] = [STF4..9]; 

pinnode [1574.152] = [104Q1, 10591, 106Q1, 107Q1, I108Q1, 10901]; 

pinnode {[105..100] = [104Q2, 10502, 106Q2, 10702, I108Q2, 10902]; 

pin (10.613, 17] = [1010..15,1017) 3 

pinnode (203 ...197] = [STF10..15,STF17]; 

pinnode (15155145) = [1010Q1, 101191, 1012Q1, 101391, 101491, 1015Q1, 1017Q1); 
pinnode (99. .93] = [1010Q2, 101192, 101292, 101392, 101492, 1015902, 101792); 
/* BURIED LOGIC CELL aj 

/* seeeeeeeses=s==== «/ 

pinnode [69..74] = [(BLC18..23]; 


/**** Quadrant II ****/ 
/* I/O LOGIC CELL */ 


/* mesma ee St * / 

pin [18,19,21..24] = [1018,1019,1021..24]; 

pinnode (210 62S) = [STF18,STF19,STF21..24]; 

pinnode [158..163] = [I1018Q1, 101991, 102101, I022Q1, I1023Q1, 1024Q1]; 
pinnode (106..111] = [1018Q2, 101992, 102102, 102202, 1023Q2, 102402]; 

pin [25 603k) = [I1025..31]? 

pinnode [216..222] = [STF25..31]7 

pinnode [164..170] = [10259Q1, 102691, 102791, 102801, I1029Q1, I030Q1, 1031091); 
pinnode (112..118] = [102502, 102602, 102702, I028Q2, 102992, 1030902, 103192]; 
/* BURIED LOGIC CELL «/ 

/ QC = SS SS SS EES EE ES SS = x / 


pinnode [80..« 75] [BLCI2..17)7 
f*ee** Quadrant IIT ****/ 

/* I/O LOGIC CELL =/ 

/* === == SSS == x / 
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pin (38, .43] 

pinnode [235..+230] 

pinnode (18346178) 

pinnode [131.,.126] 

pin [44..49,51] 

pinnode [229.1223] 

pinnode LL 77 sal 7k] 

pinnode [125.4119] 

/* BURIED LOGIC CELL af 

/* sessses========== x / 

pinnode [81..86] = [BLC6..11); 
seee*s Quadrant IV ****/ 

/* I/O LOGIC CELL */ 


[I038..43]; 

[STF38..43]; 

[1038Q1, 1039Q1, 104001, 104101, 1042901, 1043Q1]; 
[I1038Q2, 103992, 104002, 104102, 1042Q2, 104302]; 
[1044..49, 1051]; 

[STF44..49,STF51]; 

[1044Q1, 104501, 1046901, 104701, 1048Q1, 104991, 105101]; 
[1044Q2, 104502, 1046Q2, 104792, 104802, 1049Q2, 105102); 


pin (52, 53,55. «56 ] 
pinnode [236..241] 
pinnode [184..189] 
pinnode [1324.13 7] 


f10S2, 1053, 1055, .58] 7 
(STF52,STF53,STF55..58] 7 

[1052Q1, 1053901, 1055Q1, 105601, 105791, I1058Q1]; 
[I105202, 105392, 105592, 105602, I057Q2, I1058Q2]; 


pin [59..65] = [I1059..65]; 

pinnode [242..248] = [STPS9..69); 

pinnode [190..196] = [1059Q1, 106001, 106101, 106201, 1063Q1, 1064Q1, 106501); 
pinnode [138..144] = [1059Q2, 106002, 106102, 106202, 1063Q2, 106402, 106592); 
/* BURIED LOGIC CELL “tj 

/* ss=============== x / 

pinnode [92.87] = [BLCO..3]; 

ts INPUT LATCH 


Each of the 52 I/Os has an input latch. When the quadrant latch enable is high, the 
pin value is latched. When the quadrant latch clock is low, the latch becomes 


transparent. Pf 
I04.d = 1104; 
I04.0e = 134; 
I04.ce = *B’ 1} 
I07 = I04.IOL; /* When the latched input is needed in the design, i.e., */ 
/*I04.,IOL, 104 is configured as having a latched input. */ 
/* CLOCKING OPTIONS 


There are different methods of clocking the registers in the ATV5100. The clock is 
best described as either the AND function of (Quadrant Clock & Clock Product term) or 
the product term by it self. In the following examples the register can be a name 
from a pin, Ql, Q2, or Buried Logic Cell. The register can be either .t or .d 
flip-flop. x} 


I022.d = !I1022; 

[022 .¢ck = I018 & !1019; /* Note there is no .ce equation defined. This is an ay 

I022.ar a 166; /* asynchronous clocking method where the quadrant */ 
/* clock has no effect. af 

I023.d = !1023; 

I023.ce = I018 & !1019; /* The clock product term is used to gate the quadrant */ 

IO023 ..ar = 166; /* clock pin.Using quadrant clock pin in a synchronous */ 
/* mode allows higher clock rate. Pin 32 is the */ 
/* Quadrant 2 clock pin. af 

I024.d = !1024; 

I024.ce = ‘Bl; /* Note that the .ce is defined to 1. The quadrant a] 

I024.ar = 166; /* clock is the only clocking element, The clock is */ 
/* Pin 32 because it’s the proper quadrant clock to ay 
/* use for synchronous operation. a 

f* D-TYPE and T-TYPE REGISTERS 


All the registers in the ATV5100 can be configured as D or T type. Use the .d 
extension for D type register and .t extension for T type register. */ 

/* 3 Bit Synchronous Counter using T flip-flops */ 

I038Q2.t = ‘'B’l; IO038Q2.ce = 'B’l; I038Q2.ar = 168; 

I039Q2.t = I1038Q2; I039Q2.ce = 'B’l; I1039Q2.ar = 168; 

I040Q2.t = I038Q2 & 103902; I040Q2.ce = ‘'B’l; 1040Q2.ar = 168; 

/* 3 Bit Synchronous Counter using D flip-flops */ 
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BLC6.d = !BLC6; BLC6.ce = ‘'B’l; BLC6.ar = 168; 
BLC7.d = BLC6 $ BLC7; BLC7.ce = ’B’1; BLC7.ar = 168; 
BLC8.d = BLC8 $ (BLC6 & BLC7); BLC8.ce = 'B'l; BLC8.ar = 168; 
/* UNIVERSAL AND REGIONAL PRODUCT TERMS 


A Regional product term has inputs from all the feedbacks of its quadrant Buried 
Logic Cells, Q1’s, Q2's, and the dedicated Inputs. In addition, a Universal product 
term has the Pin/B Sum Term Feedbacks. a 
/* OUTPUTS and FEEDBACKS 
Combinatorial: 
Use IO pin name to define the equation. The sum terms may combine to allow 5, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 5 or less product terms,it leaves Q1 and Q2 each with 4 product 
terms to use. 
I052 
I052.0e 
TO$201.. (ad or t) 
I052Q1.(ck or ce) 
I052Ql.ar 
I052Q1.ap 
105202.(d or t) 
I052Q2.(ck or ce) 


up to 5 PRODUCT TERMS (3 UNIVERSAL) 
1 PRODUCT TERM (REGIONAL) 

up to 4 PRODUCT TERMS (2 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 

1 PRODUCT TERM (REGIONAL) 

1 PRODUCT TERM (REGIONAL) 

up to 4 PRODUCT TERMS (3 UNIVERSAL) 
1 PRODUCT TERM (1 UNIVERSAL) 


I052Q2.ar = ] PRODUCT TERM (REGIONAL) 
I052Q2.ap = ] PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
I052, 1052.10 -- Pin feedback, after the buffer/inverter. 
I052Q1 =a Ql register feedback. 
I052Q2 -— Q2 register feedback. */ 


/* Combinatorial: 
If the reduced equation requires 6 to 9 product terms, it leaves Q2 with 4 product 
terms to use. Ql will feedback the A Sum Term portion of the output logic. 


1052 = up to 9 PRODUCT TERMS (5 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 
I05202.(d.or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
105202 .(ck or .ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ar = 1 PRODUCT TERM (REGIONAL) 
I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
1652, IO52,..50 -- Pin feedback, after the buffer/inverter. 
I052Q2 -- Q2 register feedback. df 


/* Combinatorial: 
If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Ql and Q2. Ql feeds back A. Sum Term and Q2 feeds back C Sum Term. 


I052 = up to 13 PRODUCT TERMS (8UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052, 1052.10 -- Pin feedback, after the buffer/inverter. */ 


/* Registered: 
Use IO pin name to define the equation. The sum terms may combine to allow 4, 9, or 
13 product terms depending on the need of the reduced equation. If the reduced 
equation requires 4 or less product terms, you may define a 5 product term equation 
for the STF (Sum Term Feedback) and define a 4 product term equation for Q2. 


105Z2.({0 Or ©} = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 

I052.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 

LOS2 ,a¥r = 1 PRODUCT TERM (REGIONAL) 

I052.ap = 1 PRODUCT TERM (REGIONAL) 

STF52 = up to 5 PRODUCT TERMS (3 UNIVERSAL) 
TO5202.4{(d GF f) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
105202. (ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q02.ar = 1 PRODUCT TERM (REGIONAL) 

I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 
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ALLOWED FEEDBACKS: SOURCE: 
1052 a Register feedback prior to buffer/inverter. 
I052Q2 oe Q2 register feedback. 
STF52 — Sum Term Feedback for logic expansion. af 
/* Registered: 
If the reduced equation requires 9 to 5 product terms, you may write a 4 product term 
equation for Q2. 
I052.(d or t) = up to 9 PRODUCT TERMS (5 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 
I052.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ar = 1 PRODUCT TERM (REGIONAL) 
I052.ap = 1 PRODUCT TERM (REGIONAL) 
I052Q2.(d or t) = up to 4 PRODUCT TERMS (3 UNIVERSAL) 
I052Q2. (ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ar = 1 PRODUCT TERM (REGIONAL) 
I052Q2.ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
I052.10 -- Pin feedback, after the buffer/inverter. 
I052 — Register feedback prior to buffer/inverter. 
I052Q2 -- Q2 register feedback. */ 
/* Registered: 
If the reduced equation requires more than 9 product terms, it leaves zero product 
terms for Ql and Q2. 
1052.(d or t) = up to 13 PRODUCT TERMS (8 UNIVERSAL) 
I052.0e = 1 PRODUCT TERM (REGIONAL) 
I052.(ck or ce) = 1 PRODUCT TERM (1 UNIVERSAL) 
I052.ar = 1 PRODUCT TERM (REGIONAL) 
I052.ap = 1 PRODUCT TERM (REGIONAL) 
ALLOWED FEEDBACKS: SOURCE: 
1052.10 -- Pin feedback, after the buffer/inverter. 
I052 - Register feedback prior to buffer/inverter.*/ 
/* AP, AR, and CK 
Each of the 128 registers has its own .AP (Asynchronous Preset), .AR (Asynchronous 
Reset) and .CK or .CE. All CKs are Universal product terms. The ARs and APs are 
Regional product terms. 
NOTE: AP and AR should never be active at the same time. a/ 
I010.d = !1010; 
1010,0k = I08; 
I010.ar = 166; 
I010.ap = 1353 
{* BURIED LOGIC CELLS 
Buried Logic Cell can be configured as a register feedback like Q2. It can also be 
configured as combinatorial feedback to accommodate for logic expansion. */ 
BLC17.t ~ re is /*Registered */ 
BLC17.ck = 109; 
BLC17.ar = 166; 
BLC14 = Il; /*Combinatiorial */ 
1025 = BLC17; 
1026 = BLC14; 
END; 
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Using Programmable Logic Devices 


Introduction 
This application note covers three areas: 


e Where and why do I use Programmable 
Logic Devices (PLDs)? 


e How dol use PLDs? 


e Software and hardware support for 
Atmel PLDs. 


Where 


Do | Use PLDs? 
Any digital logic design can be done using 
PLDs. If you normally begin your design by: 


e Using AND and OR functions 

e Thinking of 7400 series components 

e Using truth tables, or 

e State diagrams 

you are already on the path to using PLDs. 


Designing a microprocessor based system, 
with memory and I/O? How about all that 
“glue” logic you use to interface with the 
bus, provide chip selects, and any unusual 
signals required by special chips? Most of 
these functions are currently done with 7400 
series TTL. How about using a PLD in- 
stead? 


Designing a stand-alone PC board which 
uses a State machine to control multiple out- 
put signals? Using latches to synchronize 
signals? Using counters to divide down mas- 
ter clock frequencies? Converting parallel- 
to-serial and back again? All of these func- 
tions fit easily in modern PLDs. Most any- 
thing found in your TTL Databook can be 
replaced with your own, PERSONALIZED, 
programmable logic device. 


PLD Applications 
Glue Logic 

State Machines 
Synchronization 
Decoders 
Counters 

Bus Interfaces 
Parallel-to-Serial 
Serial-to-Parallel 
Subsystems 

and Many Others 


Why PLDs? 

Maybe you have already heard all the won- 
derful reasons for using PLDs. Well, they’re 
true! First, let’s review some of the more 
important ones: 


e Increased Integration. You can reduce 
the package count of your designs while 
simultaneously increasing the features 
offered by your product. 


e Lower Power. CMOS and fewer pack- 
ages combine to reduce power consump- 
tion. 

e Improved Reliability. Lower power 
plus fewer interconnections and pack- 
ages translate into greatly improved sys- 
tem reliability. 

e Lower Cost. PLDs reduce inventory 
costs, too. 


e Easier To Use! Yes, believe it or not, 
once you get past the initial learning pe- 
riod, PLDs are easier to use than discrete 
logic functions. 


e Easier to Change. Oops! Need to make 
a change? You won’t need “blue wire” 
when you use a PLD— all changes are 
internal, and can be done quickly. ECNs 
are a snap— and system reliability is 
maintained! 
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Let’s Get Started! 

Figure 1 describes the PLD design process. After having read 
the first part of this application note, you now have the perfect 
application for a PLD, right? So here you go! 


How do you translate your idea into a working prototype? First, 
you need a computer with an editor of some kind. If you have a 
workstation with a schematic editor, you may input your design 
using familiar logic blocks. Otherwise, a line or full screen text 
editor, used in the non-document mode will do. An example of 
an Abel™ text file is on the next page. 


Next, turn the logic compiler loose on your design. First it will 
check for typographical errors and any inconsistencies in your 
specification. Most compilers then attempt to reduce your logic 
using standard logic reduction theory. Then, a simulator will 
check the test vectors you input, comparing your logic descrip- 
tion against the predicted responses. This is an excellent way to 
verify your design. Check with the appropriate software manu- 
als for more information. 


At the end of the compilation process, a JEDEC file is output. 
This file is a standard format accepted by most programming 
hardware. Next download this file to your chosen programmer. 


At this point you are ready to “build” your prototype. Make 
sure the programmer has the correct information to program the 
device you have chosen (an Atmel PLD, of course), plug in your 
device, and go! Most programmers will even functionally test 
your prototype for you if you include test vectors in your JEDEC 
file. 


Take your configured PLD, and plug it into your system. If you 
find any errors, just use your editor to make the necessary 
changes, and repeat the process. It’s easy! 


Example Design 

The following design is a simple example using Abel™ to pro- 
cess the logic description file and an AT22V10 as the target de- 
vice. The equations are on the next page, and are a direct repro- 
duction of the actual Abel input file. 


Each of the three allowable input formats are shown. A truth 
table is used to describe a simple 2-to-4 decoder, as is often used 


to decode chip selects in a microprocessor system. Next, the 
state machine format is used to describe a divide-by-4 counter. 
And finally, Boolean equations are used to describe some ran- 
dom logic. 


Note the test vectors used to test the device. The “c” nomencla- 
ture means that this pin has a low to high to low series of tran- 
sitions for this vector. Each time this happens, the counter 
should increment. Also note that the counter starts in the reset 
condition, which is both outputs “1” for an active low output. 


Now you’ re ready to go - Have fun! 


Figure 1. PLD Design Process 


TEXT 


SCHEMATIC 
EDITOR EDITOR 


Note: 1. Examples of compilers are Abel™, Cupl™, and 
LOGAC. Each of these products contains modules 
which allow simulation of your design. They also 
minimize your logic equations, which gives you flexi- 
bility in describing your design. 
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Example Abel™ Description File 


module X3; 

title ’Example using 22V10 - KHG 1/6/88’; 
X310 device ’P22V10’; 

Clk,A12,A13 pin 1,2, os 

CEO, CE1,CE2,CE3 pin 20, 21,222,233 
Q1,Q2,CarOut pin 17,18,14; 
CarEn,A,B,C,D pin 6,7,8,9,103 

Outi, Out2 pin 15, 16; 


X,Z,¢ m ols » abe yp oCaZ 

"Counter States 

Statel = “b00; State2 “b01; 

State3 = “*b10; State4 = “bl1l; 

"The following truth table defines the 2 to 4 decoder, which decodes 
" A13 and Al2 into CEO, CE1l, CE2, and CE3. 

truth_table ([A13,A12] -> [CE0,CE1,CE2,CE3] ) 

[ 0, 0 ] -> { 0, 1, 1, 1]; 

[ 0, 1 ] -> {il, 0, 1, 1 ]; 

[iy O ] aa { 1, 1, 0, 1 ]; 

C1, 1] -> [ 1, 1, 1, 90 ]3 

"The following state description defines the divide by 4 counter 
state diagram [Q2,Q1] 

State Statel: GOTO State2; 

State State2: GOTO State3; 

State State3: GOTO State4; 

State State4: GOTO Statel; 

"The following equations are general in nature to illustrate Boolean input 
" format. The CarOut equation uses state 4 above to produce a carry. 
Equations 

CarOut= Q2 & Q1 & CarEn; "& = AND 

Outl = A& Bt C& D; "+ = OR, AND takes precedence 

Out2 = A& C+ BE D; 

"The following are the appropriate test vectors 

test_vectors 


({Clk, CarEn, Al3,Al2, A, B, C, DjJ= > (CEO, CE1,CE2,CE3,02,01, CarOut, Outl, Out2]); 


[ 0, 0, 0, 0, 0, 0, 0, 0] - > [ 0, 1, 1, 1, 1, 1, 0, 0, OJ; 
[ c, 0, 0, 1, 1, 1, 0, 0] - > [ 1, 0, 1, 1, 0, 0, 0, 1, 0 I? 
[ c, 0, 1, 0, 1, 0, 1,90] -> [ 1, 1, 9, 1, 0, 1, 9, 0, 1 ]3 
[ c, 0, 1, 1, 0, 0, 1,1] ->[1, 1, 1, 0, 1, 9, 0, 1, 0 ]3 
[ c, 0, 0, 0, 0, 1, 0, 1] = > [ 90, 1, 1, 1, 1, 1, 0, 9, 1 I? 
[ 0, 1, 0, 1, 1, 1, 14, 1 J = > [ 1, O, 1, 1, 1, 1, 1, 1, 1 8 
end X3; 
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Selecting Decoupling Capacitors 
for Atmel’s PLDs 


introduction 

This application note provides a summary of 
information needed when selecting decou- 
pling capacitors for Atmel Programmable 
Logic Devices. A 0.22-F, multi-layer ce- 
ramic or plastic dielectric capacitor is rec- 
ommended for such use. Either surface- 
mount (SMD) or radial-leaded devices 
should be used. Because of their high para- 
sitic resistance and/or inductance, tantalum, 
aluminum electrolytic, and axially leaded 
Capacitors are not recommended. 


When is a Capacitor 

Not a Capacitor 

Unfortunately, capacitors are not the perfect 
charge storage devices we would like them 
to be. Their lead wires and internal construc- 
tion create parasitic resistance and induc- 
tance in series with the capacitance. These 
parasitics are usually referred to as ESR 
(equivalent series resistance) and ESL 
(equivalent series inductance), respectively. 
As will be shown, these parasitics can seri- 
ously reduce the ability of many types of ca- 
pacitors to decouple supply noise in high- 
speed systems. Table 1 gives typical ESR 
and ESL values for various types of 
capacitors. 


As shown, ESR values range from 0.01 ohm 
to as high as 9 ohms. ESL varies from 2 nH 
for typical surface mount devices to 20 nH 
for electrolytic capacitors. These numbers 
are typical values, taken from data from sev- 
eral manufacturers. As expected, there is 
some variation between manufacturers. 
Also, worst case specification values will be 
significantly higher, especially for ESR 
values. 


How ESR and ESL can Affect 


High Speed Operation 

The effects of these parasitics may be best 
illustrated by a simple example. Consider 
the case of a 22V10L. In the standby mode, 
Icc current is typically only 5 mA. When an 
input switches, Icc may temporarily go as 
high as 100 mA. This increase in current 
draws charge from the local decoupling ca- 
pacitor. This capacitor current will create 
voltage drops across the ESR and ESL para- 
sitic elements. To see how these voltage 
drops can cause problems in a system, look 
at a typical decoupling application. 


In this example the design goal of the capac- 
itor is to keep local supply noise below 0.2 
volts, a reasonable expectation. This im- 
mediately sets an upper limit on ESR of 2 
ohms. 


ESRmax = Vanoise / Imax 
Imax= Highest Expected Capacitor Current 


The upper limit on ESL is determined by 
how quickly the capacitor’s current must 
change, as well as how much supply noise 
will be tolerated during that change. For 
high-speed logic devices, Icc must be able to 
switch from standby to active levels within 
2 to 3 nanoseconds. 


ESL max = Vnoise * Imax / At; 
At = Time allowed for capacitor current to switch 


In this example, an upper limit on ESL of 4 
to 6 nH is set. 


Consider what can happen if these limits are 
exceeded. If an axially leaded multi-layer 
ceramic capacitor with ESR of 0.15 ohm is 
used, the resistance drop in our application 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 


AIMEL 


will not be significant (100 mA X .15 Ohm = 15 mV). However, 
the inductance will not allow the current to reach 100 mA in 6 
nanoseconds. This can slow the logic device switching by sev- 
eral nanoseconds. 


What Types to Use: Multi-layered 

Ceramic and Plastic Dielectrics 

From this example, it is apparent that the parasitic elements on 
capacitors can easily limit their decoupling ability. Therefore, 
users of high-speed logic need to pick their capacitors with care. 
The data in Table 1 shows that the best bets are surface-mount, 
multi-layered ceramic (MLC) or plastic dielectrics. Of the 
leaded devices, only radial types are recommended. 


Within the MLCs, there are different classes of dielectric. Class 
I has the best characteristics, but its small dielectric constant 
makes it impractical for decoupling values. Class II is highly 
recommended, as it has good temperature stability (percent 
variation -55°C to 125°C) and aging characteristics (10 percent 
in ten years). Class III, on the other hand, drops to less than 50 
percent of its rated capacitance at 85°C, and to only 25 percent 
at -55°C. Class III dielectric also loses 20 percent of its rated 
value in ten years. Therefore, Class III MLCs are only recom- 
mended for applications where temperature excursions are min- 
imal. 


Plastic dielectric capacitors in general offer performance as 
good as Class II MLCs. Among the dielectrics available today 
are polypropylene, polyester, polycarbonate, polystyrene and 
teflon. Capacitance variation with temperature depends on the 
particular material, but is generally less than +20 percent from 
-55°C to 125°C. Aging is minimal, usually less than 2 percent in 
10 years. Unfortunately, not many manufacturers make surface- 
mount plastic dielectric capacitors. That should change soon, as 
surface-mount technology advances and becomes more com- 
mon. 


When using radial leaded cases, be sure to minimize lead 
lengths, as ESL increases quickly with longer leads. For exam- 
ple, if a capacitor has 6 nH of inductance with 2 mm leads, ex- 
tending leads to 5 mm will increase ESL to 10 nH. 


What Types Not to Use: 

Aluminum Electrolytic, Tantalum, and 
Anything Axial 

The design example above together with the numbers given in 
Table 1 show that some types are not suitable at all for decou- 
pling high-speed devices. Specifically, the high inductance of 
axially leaded capacitors puts them on the “don’t use” list. Also, 
tantalum and aluminum electrolytic devices are generally not 
recommended, as they have high ESR and/or ESL, even in ra- 
dial and surface-mount configurations. 


In Any Case, 

Know Your ESL and ESR 

ESR data is often found in catalogs. However, this will nor- 
mally be only low-frequency data, and ESR is frequency depen- 
dent (dropping at higher f). ESL data is not usually given in 
catalogs. The best thing to do is get Z versus frequency data 
from the manufacturer. From such a graph (with frequency up 
to at least 10 MHz), you can extract high frequency ESR and 
ESL. 


How Much Capacitance Do You Need 

For decoupling Atmel’s PLDs a 0.22-uiF capacitor is recom- 
mended. In many cases, this will be overkill. However, deter- 
mining how much less you could get by with for a particular 
application is dependent upon several factors. The number of 
PC board supply planes, the board’s dielectric thickness and di- 
electric constant, the value (and ESR and ESL!) of power entry 
decoupling capacitors, among other things, will determine just 
how much is really needed. The best bet is to use a good 0.22- 
iF and be safe. Besides, the more decoupling is taken care of by 
local capacitors, the lower the board’s HF emissions will be. 


Summary 

Choosing the right decoupling capacitor is an important part of 
high-speed circuit design. Choosing the wrong one can intro- 
duce supply noise that can slow down signal switching or even 
end up giving incorrect data. For decoupling Atmel PLDs, 0.22- 
uF capacitors are recommended. These should be of either 
multi-layer ceramic or plastic dielectric type. Surface-mount 
devices are best, with radial leaded cases also being acceptable. 
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Table 1. Capacitor Types and Recommendation Ratings 


Dielectric L (nH,typ) R (ohm,typ) Rating Comments 
SMD E Highly recommended 
Ceramic II Radial G Keep leads short 
Axial S Axial always = Higher L 
SMD G C loss hot/cold/old 
Ceramic III Radial iS 
Axial X 
SMD E Hard to find 
Radial G Get R and L data 
Axial X 
SMD X Forget it 
Aluminum 
Electrolytic Radial X 
Axial X 
SMD X 
Tantalum Radial X 
Axial xX 
Ratings code: 
E Excellent; highly recommended 
G Good; will perform well in most applications 
S Satisfactory; be aware of specific vendor’s device performance 
X Not recommended 
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Using a Programmable Logic Device 
As a System Controller 
In an I/O Bus Based System” 


Summary 

As Programmable Logic Devices (PLDs) 
become more complex, the amount of logic 
that can be placed in one device is rapidly 
increasing. Complete controllers and sub- 
systems now fit into one or two PLDs. As a 
result, the PLD may now be connected di- 
rectly to the system bus as an independent 
peripheral. First generation PAL® devices 
are difficult to use in these applications. 
However, recent innovations in PLD archi- 
tecture enable them to be easily designed 
into bus-based systems. 


PLD Evolution 

The driving force behind PLD usage has 
been to integrate as much of the Small Scale 
Integration (SSI) logic on a packed PC 
board as possible. The first level of integra- 
tion was made possible by the invention of 
the PAL device. First generation products 
were usually in 20-pin packages with a typ- 


Note: 


ical device having nine dedicated inputs and 
eight dedicated outputs. One input pin was a 


dedicated output enable, and one pin a dedi- 


cated, common clock for up to eight flip- 
flops. Making one of these devices work on 
an I/O bus was difficult and typically was 
used as little more than a simple latch. 


In the mid-eighties, second generation de- 
vices appeared. These PLDs are generally in 
24 or more pins, have independent output 
enable controls and output macrocells. The 
macrocells allow the designer to configure 
each output independently as registered or 
combinatorial. However, there are still too 
few registers in these devices to allow the 
design of complex state machines. Also, 
these circuits lack independent feedback 
paths, which further reduce the usable num- 
ber of registers. This also complicates the 
use of the output pins as true I/O structures. 


1. This article originally appeared in Northcon ’86 


®PAL is the registered trademark of Monolithic Memories 
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Recently several third generation devices (such as the Atmel 
ATV750) have appeared. These devices are differentiated by 
the following features: 


e Extra Registers 
Up to twice the usual number. The ATV750 has 20 flip-flops. 


¢ Independent Feedbacks 

Feedback paths for the registers are independent of the output 
configuration. In addition, there are separate input paths from 
the I/O pads. 


¢ Asynchronous Clocks | 
Product terms for each flip-flop’s clock allows the designer to 
break up the registers into different functional blocks. 


Control function outputs that have no other use than to manage 
the other resources inside the PLD need not be brought outside 
the device, allowing implementation of complex state machines 
internally. 


As PLDs have evolved, so have the applications for them. Ini- 
tially, PLDs could only integrate a few SSI functions. A typical 
application was a special-purpose decoder or encoder. With the 
introduction of more flip-flops, Medium Scale Integration 
(MSI) functions such as state machines could be designed. 
Third generation devices are the first true Large Scale Integra- 
tion (LSI) devices, and are capable of integrating several of the 
previous generation devices into one package. Now state ma- 
chines can be combined with an output decoder to control pe- 
ripheral functions, and still have adequate resources to interface 
directly to the microprocessor. 


PLD EVOLUTION 


PAL 
DEVICES 


2ND GENERATION 
PLDs 


3RD GENERATION 
PLDs 


System Application 

The following example is an application of the Atmel ATV750 
as a peripheral resource controller. The design required a state 
machine, a bus interface unit and a peripheral control interface. 
All ten outputs of the ATV750 are used, most in the combina- 
torial mode. However, the 17 required flip-flops were still 
available to latch the address and data buses, provide a status 
register, and a two-bit counter. This design would require three 
second generation, 24-pin PLDs, or five first generation 20-pin 
devices and at least two other discrete devices. In all, more than 
80% of the ATV750 is utilized. The number of gates alone in- 
tegrated into the ATV750 in this application is more than other 
24-pin PLD’s have to offer. 


e The System 

The system described is a peripheral controller/bus interface for 
connecting a special-purpose, custom encryption / exponentia- 
tion chip to an 80186 microprocessor (Figure 1). The custom 
chip has a serial interface, and only one bi-directional pin to 
indicate its "busy" status. All chip functions are controlled with 
a set of single-purpose input pins. While simple, this interface 
is not directly compatible with a modern microprocessor, such 
as the 80186. The PLD system described not only combines the 
required glue logic, but also off-loads the parallel-to-serial con- 
version from the processor. This application note will only 
touch on the salient features of the design, and why a third gen- 
eration device is so useful. 
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Figure 1. System Diagram 


¢ The Microprocessor Bus 

The 80186 uses a multiplexed address and data bus. Several 
control signals, such as ALE, RD and WR tell the system when 
to get what type of data from the bus. The 80186 also has some 
internally decoded chip selects, and one is used here for conve- 
nience. The system clock is an 8-MHz signal, which is appro- 
priate for the encryption chip and well within this PLD’s timing 
specification. The lower four bits of the address are latched into 
the PLD to define the upcoming operation, which then allows 
the PLD to output the requested data in one read cycle of the 
microprocessor. These address bits are decoded to define the 
instruction to be executed by the PLD subsystem. 


¢ Tackling the I/O Bus 

Using first and second generation PLDs, the equations for the 
I/O bus interface are shown in Figure 2. These equations con- 
sume twelve sum terms, eight flip-flops, and twelve output pins. 
Since this requires two PLDs, another ten input pins are re- 
quired as well. When rewritten for the ATV750, only four 


ENCRYPTION 


SUBSYSTEM 


macrocells are required, and eight sum terms and flip-flops. No 
extra inputs are required, as the ATV750’s I/Os are true 
input/output pins. 

The equations for the ATV750 are in Figure 3. This compaction 
is possible for three reasons: 


1. The individual product terms for OE permit the pin to be 
used as both an input and output. 


2. The three feedback paths allow both registers to be used 
while the pin status is still available to the array. 


3. The product term for the flip-flop clock means that the sum 
term for one of the flip-flops can be shared between the D input 


and the output pin. A single ATV750 macrocell can incorporate 
logic which would require up to three output pins and one input 
pin in other PLDs. 
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Figure 2. 
adO = adp0 & !pcs & !rd & ai0O & !ai2 " output data 
e !pc0 & !pcs & !rd & !aid & !ai2 "status " 
# yst & !pes & !rd & !ai0 & !ai2; " status unly 
adl = adpl & !pcs & !rd & ai0 & !ai2 "output data 
4 !pel & !pcs & !rd & !aid & !ai2; * statue * 
ad2 = adp2 & !pcs & !rd & aiO & !ai2 "output data 
i xst & !pes & !rd & !ai0 & !ai2 "status " 
# !pcO0 & !pces & !rd & !aid & !ai2 "status " 
& Ipel & !pces & !rd & !aid & !ai2; "status " 
ad3 = adp3 & !pes & !rd & ai0 & !ai2 "output data 
# startqb & !pcs & !rd & !ai0 & !ai2; "status " 
adpO := ad0O & !pcs & !wr "load data 
a pdout & !ystb " circulate y" 
£ pdout & !xstb "circulate x" 
# pdout & !pcs0 "circulate load" 
tt pdout & !pcsl "circulate load" 
e adp0O & ystb & xstb & pcs0 & pcsl & pcs "hold data" 
e adp0O & ystb & xstb & pcs0O & pcsl & wr; "hold data" 
adpl := adl& !pcs & !wr "load data 
* adpO & !ystb "circulate y" 
s adpO & !xstb "circulate x" 
# adpO & !pcs0 "circulate load" 
# adpO & !pcsl "circulate load" 
# adpl & ystb & xstb & pcs0O & pcsl & pcs "hold data" 
# adpl & ystb & xstb & pcs0O & pcsl & wr; "hold data" 
adp2 := ad2 & !pcs & !wr "load data 
# adpl & !ystb « elireulate y" 
¥ adpl & !xstb "circulate x" 
# adpl & !pcs0 "circulate load" 
# adpl & !pcsl "circulate load" 
# adp2 & ystb & xstb & pcs0O & pcsl & pes "hold data" 
* adp2 & ystb & xstb & pcs0O & pcsl & wr; "hold data" 
adp3 := ad3 & !pcs & !wr "load data 
t adp2 & !ystb "circulate y" 
# adp2 & !xstb "circulate x" 
# adp2 & !pcs0 " circulate load" 
# adp2 & !pcsl " circulate load" 
4 adp3 & ystb & xstb & pcs0O & pcsl & pcs "hold data" 
$ adp3 & ystb & xstb & pcs0O & pcesl & wr; "hold data" 
ai0 := ad0O & pcs "idle state " 
‘ adO & ale " idle state " 
* aid & !pes & !ale; "hold instruction" 
ail := adil & pcs " idle state " 
5 adl & ale " idle state " 
4 ail & !pes & !ale; "hold instruction" 
ai2 := ad2 & pcs "idle state " 
f ad2 & ale " idle state " 
# ai2 & !pes & !ale; "hold instruction" 
ai3 := ad3 & pes | "idle state " 
# ad3 & ale " idle state " 
3 ai3 & !pces & !ale; " hold instruction" 
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Figure 3. 
aid.ck = clk2 & !ale; ai2.ck = clk2 & !ale; “clock instruction 
ail.ck us clk2 & !ale; ai3.ck = clk2 & !ale; “clock instruction 
aid = adO & !pcs & ale "load instruction" 
% adp0O & !pcs & !rd & aid & !ai2 "output data 
# !pcO0 & !pcs & !rd & !aid & !ai2 "status " 
# yst & !pes & !rd & !ai0d & !ai2 "status unly 
ail = adl & !pcs & ale “load instruction" 
+ adpl & !pcs & !rd & aiO & !ai2 "output data 
# 'pcl & !pcs & !rd & !ai0 & !ai2; "status " 
ai2 “ ad2 & !pcs & ale “load instruction" 
# adp2 & !pces & !rd & ai0O & !ai2 "output data 
£ xst & !pes & !rd & !ai0 & !ai2 "status " 
* 'pc0 & !pcs & !rd & !ai0 & !ai2 "status " 
& !pel & !pces & !rd & !ai0d & !ai2; "status " 
ai3 = ad3 & !pces & ale "load instruction" 
# adp3 & !pes & !rd & ai0d & !ai2 “output data 
t startqb & !pcs & !rd & !ai0 & !ai2; "status " 
enable ad0 = Ipes & !rd; enable ad2 = Ipes & !rd; 
enable adl = !pes & !rd; enable ad3 = !pes & !rd; 


(adp equations remain the same as before, but are now buried in the macrocell) 


Figure 4. 
!pc0 = !'cl1k22 & !pcs0; 
!pel = !clk22 & !pecsl; 
!pces0 := ai2 & aid & start 
# 'cn0 & count & !pcs0 
# !enl & count & !pcs0 
!pesl := ail & ai2 & start 


'cn0 & count & !pcsl 
!cnl & count & !pcesl; 
!cnl & count & !pcsl1; 
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¢ The Chip Interface 

The encryption chip is loaded and unloaded serially, four bits at 
a time in this design. The equations for the interface logic are in 
Figure 4. Also in this figure is a simple state diagram for the 
two-bit counter required for this design. This state machine is 
buried, and its decoded outputs are used to control the serial 
transfers. 


¢ Starting the Peripheral Chip 

To begin execution in the peripheral chip, a bi-directional signal 
named start is asserted. This is an active low signal. The con- 
troller must assert this signal low for four clock cycles. Then the 
exponentiation chip will hold this line low until it has com- 
pleted its operations. An external pull up resistor is required. 
The internal flip-flop, whose output is named stint, contains the 
state of the peripheral. This is used to signal the microprocessor 
that the subsystem is busy when the processor reads the 
ATV750’s status. 


¢ Multiplexing Flip-Flop Inputs and I/O Pins 

One I/O pin / flip-flop combination can be used to store the state 
of the encryption chip and to output this to the peripheral. This 
is accomplished by multiplexing the sum term output between 
the flip-flop’s D input and the output buffer. The sum term and 
the OE product term are active to begin the encryption chip’s 
exponentiation cycle. After the state machine counter finishes 


Mulitplexed “D” Input 
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counting, the output is put into the high impedance state. If the 
external chip has begun its operation correctly, it will then hold 
the pin low. Now the state of the I/O pin is used as the D input 
to the flip-flop, but not output because the OE term is off. The 
multiplexed macrocell is in Figure 7. The following simple 
equations are all that is required to implement this logic: 


enable start = 'count; 
stint := !'coun 

# 'start & count; 

start.c = clk2; 
Conclusion 


The application of a third generation EPLD in an I/O bus based 
system demonstrates the usefulness of the following features: 


e Buried Registers 
e Independent Feedback Paths 
e Asynchronous Register Clocks. 


This design consists of roughly 600 gates, which fit into a 
ATV750 gate complexity PLD with 80% utilization factor. Due 
to the usefulness of the new features and their implementation 
in the macrocell of the ATV750, this design, which would have 
required three second generation devices, could easily fit into 
one ATV750. 
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Using the Buried Nodes and Feedbacks 


Introduction 

Conventional PLD I/O pin logic forces you 
to choose either a dedicated output pin or a 
dedicated input pin. This renders the output 
register unusable. Multiple feedback paths 
and individual product term controlled out- 
put enables (OEs) make the ATV750 I/O 


Registered Output 


Buried Registers 

To use the buried register outputs, they must 
have a unique name. The compilers need to 
know which register to associate with each 
signal name. Each compiler uses a different 
method for assigning node numbers to signal 
names. Table 1 shows how to assign these 
names for each compiler. Table 2 lists node 
names for each compiler. Note: Q1 need not 
be defined if QO is sharing Q1’s product 
terms. 

Abel™, Atmel-Abel™, Cupl™, and Tango- 
PLD: If the output is combinatorial or if QO 


shares the product terms of Q1 ina registered 
output, the Q1 node does not need a name. 


Table 1. ATV750 Node Declaration 


pins truly bi-directional. An ATV750 I/O pin 
can be configured as a dedicated input, a 
dedicated output, or an input and output bus 
interface pin. No registers are sacrificed in 
the process. All registers can be buried. 


Name Q1 nodes with the proper node num- 
bers and refer to Feedback Options on how to 
access QOs and QIs. 


LOGiC: LOGIC requires you to name the 
QO nodes if you are using the pin as an input 
and still using QO, or if you are using OE to 
make the pin an input and an output. 


PistoHl: No node numbers are necessary. 
QO nodes are named by declaring 


: nodenameOd QO! pinname; 
Q1 nodes are named by declaring 


nodenamel Q1! pinname; 


Product Example Node Declaration Comments 


Abel™ 
Atmel-Abel™ 
Cupi™ 
LOGIC 
PistoHl 
TangoPLD 


anyname 
anyname 
pinnode 25 = 
anyname = + 
anyname Qo! 
anyname 


node 26; 
node 26; 
anyname; 


pinname; 


Following key word “NODE 
Use Q1! for Q1 declaration 


In PUTPART place “anyname” 
as the 25th signal 
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Table 2. ATV750/ATV750B Node Numbers 


ATV750 
Pin Numbers 


ATV750 Feedbacks 

Each third party product uses a slightly different syntax for ac- 
cessing the feedback paths (refer to Table 3). Whenever the QO 
register is used and the OE term is disabled or conditionally 
disabled, care must be taken to ensure the correct feedback path 
is referred to in your equations. Version 1.11 of Tango-PLD 


Feedback Options: Registered Output 


LOGIC 


TangoPLD 


does not support the QO feedback. This syntax may change with 
each new software revision. Please check with the specific soft- 
ware manufacturer or Atmel PLD Applications if you are expe- 
riencing unexpected results. 


Table 3. ATV750/ATV750B Feedback Paths 


Abel™ 
Atmel-Abel™ 


pinname.FB 
pinname.FB 


Cupi™ 
LOGIC 
PistoHl 
TangoPLD 


pinname 
nodenameO 
nodenameO 
no support 


ATV2500 Node Numbering 

With an additional OR, the ATV2500 logic cell becomes even 
more versatile than the ATV750 logic cell. Under certain situa- 
tions, an additional set of buried registers must be defined. The 
same syntax used for ATV750 (Table 3) can be used to name 
the ATV2500 buried registers. The node numbers are listed in 
Table 4. 


Abel™, Atmel-Abel™, CupI™, and TangoPLD: Q1 need not 
be named when the output logic cell is configured as 8- or 12- 
term combinatorial output. Q2 need not be named when output 
logic cell is configured as 12-product term combinatorial or 


nodename pinname 


nodename pinname 
nodename 


nodename1 


pinname.lO 
pinname 
nodename1 pinname 


pinname 


nodename 


registered output. Name Q1 and Q2 nodes with the proper node 
numbers and refer to Feedback Options for selecting the correct 
feedback paths. 


PistoHI: No node numbers are necessary. 
Q1 nodes are named by declaring 


: nodenamel Q1! pinname; 
Q2 nodes are named by declaring 


: nodename2 Q2! pinname; 
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Table 4. ATV2500/ATV2500B Node Numbers 


ATV2500 Atmel-Abel™ TangoPLD 
Pin Numbers Q2 Q2 


Notes: 1. Due to the memory limitations of PC/MS DOS, 2. These same versions of Abel™ and Atmel-Abel™ (see above) 
Abel™ PC versions 3.0 to 3.2 and Atmel-Abel™ ver- do not support the AR terms of Q2 associated with 
sion 1.01 do not support the macrocells associated pin 6. 
with pin 4 and 5. These pins can only be used as 3. These same versions of Abel™ and Atmel-Abel™ (see above) 
inputs. do not support the Synchronous Preset of pin 6 and 7. 
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ATV2500 Feedbacks 

Each third party product uses a slightly different syntax for ac- 
cessing the feedback paths (refer to Table 5). Whenever the Q1 
register is used while the OE term is disabled or conditionally 
disabled (e.g. during read cycles), care must be taken to ensure 
the correct feedback path is used. For example, a counter can 
lose its count if you use the pin feedbacks rather than the Q] 
register feedbacks and decide to disable the OE for the read 
cycle. 


Feedback Options: 
Combinatorial Output 


4 Product 
Terms 
C 


4 Product 
Terms 


Table §. ATV2500/ATV2500B Feedback Paths 


The current version of Tango_PLD cannot support the Q1 feed- 
back when the I/O pin is configured as an input (OE disabled) 
or when OE is conditionally disabled. 


This syntax may change with each new software revision. 
Please check with the specific software manufacturer or Atmel 
PLD Applications if you experience unexpected results. 


Registered Output 
OE 
8 Product 
Terms A C 
4 Product 
Terms EB 


Abel™ Registered 
Combinatorial 

Cupi™ Registered 
Combinatorial 


Tango-PLD 


Registered 
Combinatorial 


pinname.FB 
nodename1 
pinname 
nodename1 
no support 
nodename!1 


nodename2 
nodename2 
nodename2 
nodename2 
nodename2 
nodename2 


pinname 
pinname, 
pinname.lO 
pinname 
pinname 


pinname 
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Testing Non-Windowed OTP PLDs 


Atmel’s testing of non-windowed OTP 
PLDs is comprehensive and thorough. It is 
sufficient to guarantee programmability and 
performance. The wafer-probe test checks 
100% of all memory elements for program- 
mability. Final test of packaged units checks 
programming a second time. Performance 
testing on the Quality Test Array (QTA) 
guarantees AC test parameters. This data 
shows a high degree of correlation with stan- 
dard array performance data. 


Introduction 

Atmel’s corporate goal is to meet or exceed 
our customers’ requirements 100% of the 
time. This means we must prove to ourselves 


that each product shipped will perform as 
specified or better. 


PLDs must meet two different device re- 
quirements: they must program as a memory 


Figure 1. Non-Windowed OTP Test Flow 
UNTESTED 
WAFERS 
WAFER PROBE 
TEST 
ASSEMBLY 
PROGRAMMING 
TEST 
SPEED TESTS 
FINAL BLANK 
TEST 


device, and they must function as a logic de- 
vice. This requires testing all devices in two 
very different ways. 


The programmable elements in Atmel’s OTP 
PLDs are UV EPROM memory cells. The 
AND array programs like an EPROM. UV 
light cannot penetrate non-windowed pack- 
ages (e.g., any plastic package or solid lid ce- 
ramic package). Erasing a non-windowed 
EPROM element is not possible. Any testing 
by Atmel before shipment cannot program 
the main AND array or the customer cannot 
enter his own pattern. 


Atmel’s test methodology guarantees our 
PLDs will program and perform to the data 
sheet, even without programming this main 
AND array. 


100% PROGRAMMING, 
THEN UV ERASE 


PROGRAMMING AND 
CONTINUITY CHECK 
ON QTA 


SPEED TEST ON QTA 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
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Figure 2. PLD Topography 


QUALITY TEST ARRAY 


INPUT 
TERMS 
(rows) 
PRODUCT TERM OUTPUTS 
(columns) 
Programming 


After wafer fabrication, the first test is wafer-probe (Figure 1). 
All PLD dice manufactured by Atmel use a similar wafer test 
program. This test programs one-hundred percent of the mem- 
ory bits used to implement the AND array in our PLDs. This 
programming algorithm is more aggressive than that im- 
plemented by programming manufacturers. After verifying all 
bits, the wafer is then UV erased before proceeding further. 


Package assembly is next. If the packaging used does not have 
a UV translucent window, the customer is the only one who can 
program the device. Atmel must guarantee performance and 
programming by testing other EPROM cells in the device. 


These other EPROM cells are next to the main AND array. A 
discussion of the PLD AND array topography clarifies how to 
test the extra EPROM cells (Figure 2). 


Product term inputs enter the AND array from one end, and 
form the rows of the matrix. Product term outputs leave from 
the bottom— product terms form the columns of the matrix. On 
the far right of Figure 2 are the Quality Test Array product 
terms (columns). At the top of the array are the QTA input terms 
(rows). 


Even though wafer-probe tests all units’ programming, pack- 
aged units also have their QTA terms tested. Since these terms 
are physically at the ends of the inputs and outputs, this test 
checks the integrity of these lines. The test detects any shorts or 
opens on the inputs or outputs. Programming these locations 
also provides a thorough test of the programming circuitry. 


The wafer-probe test programs one-hundred percent of all loca- 
tions, and the package test checks the programming circuitry for 
continuity and programmability. 


Performance Testing 

The logic test parameters divide into two groups: DC and AC 
test values. All of the DC test parameter tests are independent 
of the logic programmed into the device. This means that DC 
testing is the same for every PLD sold by Atmel, independent 
of the package used. 


Every different logic implementation results in different AC 
performance. Atmel measures AC performance using a “worst 
case” pattern. This pattern is slightly different in nature for each 
PLD. This pattern uses every resource available in the device. 
Outputs can be made to switch in the same direction at the same 
time. The test program applies worst case combinations of input 
term and product term patterns to the device. Atmel collects AC 
data with this pattern on each UV erasable device shipped. 


Non-erasable devices cannot use their main array for this test. 
Atmel programs a special speed test pattern into the QTA. Tests 
on this array measure all of the same AC characteristics as those 
done on erasable units. Correlations between the main array and 
the QTA follow. 


Correlation 

Three parameters measured on 26 units show a high degree of 
correlation between windowed PLD testing and non-windowed 
PLD testing. Measurements of Tco, Ts, and Tpp show little dif- 
ference between performance testing on the standard array ver- 
sus performance testing on the QTA. 


Tco (clock to output) is independent of the memory array. The 
signal path is directly from the clock input buffer to all ten flip- 
flops in the AT22V10, and then straight to the output buffer. 
The data shows a very tight distribution, and the difference in 
the two measurement techniques is within the accuracy of the 
setup (see Table 1). 


Ts (setup time) and Tpp (propagation delay) are dependent on 
the EPROM array. The data shows an excellent correlation, 
with the non-windowed test actually measuring slower than the 
windowed test. Atmel engineers carefully designed the quality 
test array to use the worst case paths for all conditions. This 
combination is not available to the user, but guarantees that the 
QTA speed path will be slower than the user’s speed path (see 
Table 2). 


Summary 

Atmel thoroughly tests all its PLDs independent of the package 
used. Programming tests check one-hundred percent of the 
memory elements on all units shipped. Performance testing on 
the Quality Test Array measures all AC test parameters with 
“worse than” worse case conditions. Data taken with both the 
non-windowed and the windowed performance _ tests 
demonstrates that the non-windowed test is accurate and has 
extra guardband. Customers can feel confident that Atmel’s 
PLDs meet their performance criteria independent of the pack- 
age chosen. 
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Table 1. Tco Performance Testing Comparison 


Parameter Tco 
Test Non-Window Delta 


Average 8.68 ns +0.23 ns 
Std. Dev. 0.15 ns 0.06 ns 


Table 2. Ts and Tpp Performance Testing Comparison 


Parameter Ts Ts Tpp Tpp 
Test Window Non-Window Delta Window Non-Window Delta 


Average 6.80 ns 6.97 ns -0.17 ns 13.92 ns 14.17 ns 
Std. Dev. 0.09 ns 0.11 ns 0.09 ns 0.25 ns 0.25 ns 


AIMEL 


5-62 RE OSS 9) sass em emma a tee en te taming aes 


ES EER ome 


Designing with the Atmel-ViewPLD 
Development Tool 


Like the Atmel-Abel™ software, the 
Atmel-ViewPLD development tool uses a 
popular industry-standard CAE develop- 
ment system. The development tool inte- 
grates the Viewlogic Workview software as 
the design environment with Data I/O’s 
back-end technology of device fitting and 
fusemapping. With this development tool, a 
designer can use schematic capture and/or 
the Abel™ Hardware Description Lan- 
guage (Abel HDL) to functionally describe 
his or her design requirements. Addition- 
ally, the development tool also allows the 
designer’s previous PLD designs in the 
form of JEDEC files to be read and mod- 
elled so that the schematic representations 
of the designs can be generated. 


In this application note, the Atmel- 
ViewPLD features developed specifically 
for Atmel PLDs are discussed. Also in- 
cluded are the design hints which allow 
your designs to be efficiently fitted into 
your favorite Atmel PLD, and the 
Schematic-to-JEDEC and Abel-to-JEDEC 
compilation process flows. Below is a listing 
of the topics covered in this application note: 
* The Atmel-ViewPLD Menu Commands 
“Schematic — JEDEC,” “Abel —-> 
JEDEC,” and “Prep WIR (Device)” 
* The DIO and DSTD symbols 


* Using the IN.1 and OUT.1 symbols for 
your design input and output pins 

e Setting your input signal to a constant 
logic level 

° Applying the D_LATCH.1 and 
IN_LATCH.1 symbols for _ the 
ATV5000 or ATV5100 devices 

* What to do with the unused pins of a 
DSTD symbol 

° Creating a Viewdraw schematic from 
an Abel™ or a JEDEC file 


* Simulating your design using worst- 
case timing values 


For your reference, the DIO primitive and 
DSTD symbols are listed at the end of this 
application note. 


The Atmel-ViewPLD Menu 
Commands 
“Schematic + JEDEC,” “Abel > 


JEDEC,” and “Prep WIR (Device)” 
These commands are set up so a device- 
independent design can be optimized by 
taking into account the architecture of a 
specific Atmel PLD selected by the de- 
signer. In short, the design optimization 
procedure enables a more efficient device 
fitting process to be performed. Using 
menu commands such as the “Schematic > 
JEDEC” and “Abel + JEDEC” commands, a 
designer can create the JEDEC files for his 
or her designs with a single click of the 
mouse button. 


Like many ViewPLD menu commands in 
the WORK VIEW design environment, the 
“Schematic — JEDEC,” “Abel — JEDEC,” 
and “Prep WIR (Device)” commands exe- 
cute the WORK VIEW macros (refer to the 
“Workview Reference” section in Volume 
1 of your WORK VIEW manual), which in 
turn run one or more executable files 
(.EXE) to generate some type of output 
files. For instance, if you select the “Sche- 
matic — JEDEC” menu command for P2500 
(ATV2500 DIP), the command executes 
the macro file SCH2500.MAC in the 
WORKVIEWSTANDARD or WORK- 
VIEW\ATMEL directory. The process of 
compiling the schematic to the JEDEC file 
is then displayed on the screen. If the design 
does not encounter any errors during the 
compilation process, the designer may not 
be required to know the details of the pro- 
cess. However, it would be advantageous 
for the designer to understand each process 
step, especially when the design encounters 
some compilation errors. 
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Note that prior to executing the “Schematic — JEDEC” or 
“Prep WIR (Device)” menu command, you would first need to 
open your design schematic via Viewdraw. These commands 


Figure 1. The Atmel-ViewPLD Compilation Process 


Schematic 


Abel Source 
.ABL Input 


Model 
Schematic from 


Edit Schematic 


Viewdraw 


Abel Source 


wir 


Compile Abel 
Source 


Prep WIR 


AHDL2PLA 


Optimize 
Equations 


PLAOPT 


Schematic—» JEDEC 


Abel —*JEDEC 


Device Fitting 


FIT2500/ 
FITS000 


TT3® 


Create 
Fusemap 


FUSEASM 


Notes: 

1. A WIR file is created by Viewdraw only after executing a “File 
Write” command in Viewdraw. 

2. Before generating the Abel™ (.ABL) file, the WIRZABL (WIR- 
to-Abel) generates an intermediate file with extension .VNT. 
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will read in the schematic file name that is currently opened. For 
the “Abel + JEDEC” menu command, the design file name will 
be prompted for immediately after execution of the command. 


JEDEC file 
(any PLD) 
JED 


Model 
Schematic from 


JEDEC File 


Create 
Functional 
Viewsim Netlist 


Simulation 
+ Display 
Waveforms 


VIEWSIM/ 
VIEWWAVE 


Create VHDL 
Timing Model 


J2VHDL 


JEDEC file 
to 
Programmer 


If an error occurs in the WIR-to-Abel conversion specifying 
that there is an intermediate file error, then the error descrip- 
tion will listed in this .VNT file. 

3. The files .TT1, .TT2, and .TT3 are in the Open Abel PLA for- 
mat. 


ee 


The DIO and DSTD Symbols 

Like all other CAE primitive symbols, the DIO primitive sym- 
bols provide the building blocks for implementing an Atmel- 
ViewPLD design. In the Atmel-ViewPLD development tool, all 
of the functional DIO symbols such as AND2, AND4, DFF, and 
TFFC, are logically described using Boolean equations in the 
functional library files. These files, which include V2500.FLB, 
V5000.FLB, and VIEWLOGI.FLB, are located in the WORK- 
VIEWSTANDARDLIB4 or WORK VIEW\ATMEL LIB4 direc- 
tory. Figure 2 illustrates the AND2 and TFF symbols and their 
logic representations in the functional library file. 


As shown in Figure 2, the architectural capabilities in each 
Atmel PLD determine the type of equation in the function li- 
brary file. In fact, there are some DIO symbols which are not 
applicable for some of the Atmel PLDs because of their archi- 
tecture limitations. For instance, the DFFPC symbol, which is a 
D-type flip-flop with asynchronous preset and clear controls, is 
applicable for the ATV5000 and ATV5100 devices, but not for 
the ATV750 and ATV2500 devices. Please refer to the DIO 
Library listing (Table 2) at the end of this application note for the 
complete information on the applicabilities of the DIO symbols. 


Table 1 shows the three functional library files included with 
the Atmel-ViewPLD development tool: 


CMOS PLD 


Table 1. Function Library Files 


FLB File Description 

Logic equations optimized for 
Ves00,FLB ATV750 and ATV2500 devices 
Logic equations optimized for 
ATV5000 and ATV5100 devices 


Generic library called by the “PREP 
WIR” command, not the “Prep WIR 
(Device)” command 


V5000.FLB 


Viewlogi.FLB 


The first two library files are optimized for the ATV750, 
ATV2500, and ATV5000/5100 device families. The third file, 
VIEWLOGI.FLB, is used by the “Prep WIR” menu command. 
This command is designed for use if the designer wishes to par- 
tition his or her design into multiple designs which are opti- 
mized for the devices selected by the designer. Since each func- 
tional library file is in ASCII format, the logic equations repre- 
senting the DIO symbols can easily be modified by the de- 
signer. This flexibility allows the designer to generate his or her 
own DIO primitive symbols. 


For more information on the DIO and DSTD symbols, please 
refer to the listings found in Table 3 at the end of this applica- 
tion note. Note that the DSTD symbols are the 74-Series TTL 
symbols which are made up of the DIO primitive symbols. 


Figure 2. The AND2 and TFF DIO Symbols and their Logic Equations in the V2500.FLB and V5000.FLB Files 


DIO Symbol Logic Equation in V2500.FLB Logic Equation in V5000.FLB 
A Q 
B Q=A & B; Q=A & B; 
TTF 
T Q Q= (T & !Q)# Q=T; 
('T & Q); Q.ck = CK; 
Q.ck = 
>CK 
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Using the IN.1 and OUT.1 Symbols for your 
Design Input and Output Pins 

For creating the input and output pins for your design, you 
would need to add the IN.1 and OUT.1 symbols (see Figure 3) 
from the DIO library to your design. Simply use the “Add 
Comp” menu command to add the IN.1 or OUT.1 symbol to the 
dangling input nodes. Pin labels must also be assigned to these 
symbols, and not assigned to the nets or nodes. For a design to 
be compiled successfully, you must have at least one input pin 
defined. Note that a design will simulate properly via Viewsim 
without any IN.1 and OUT.1 symbols (see Figures 3-4). 


Figure 3. IN.1 and OUT.1 DIO Symbols” 
Symbols 


IN.1 OUT.2 


Figure 4. Design Example using IN.1 and OUT.1 Symbols 


Schematic 


Abel™ Source File 
AND2, A2, Al pin; 
AND2 istype ’com’; 
Equations 

AND2 = Al & A2; 


Notes: 


1. Please refer to the next section when you are asssigning the 
VDD and GND labels to the IN.1 and OUT.1 symbols. 


Setting your Input Signal to a Constant 
Logic Level 

There are two methods which you can use to set your input 
signals to a constant logic level: 


Method 1. Label your input nodes using the VDD and GND 
labels (see Figure 5). 


Method 2. Use the PWR.1 and GND.1 symbols from the DIO 
library (see Figure 6). 


Figure 5. Design Example using VDD and GND Labels 


Schematic 


OUTS 


OUT4 
OR2 
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Dangling Input Nodes 
Abel™ Source File 

OUT3,OUT4, INPUT pin; 

OUT3,O0UT4 istype ’com’; 


Equations 


OUT3 = 1 & INPUT; 
OUT4 = 0 # INPUT; 


Figure 6. Design Example using PWR.1 and GND.1 
DIO Symbols 


Schematic 


PWR 


OUT1 
INPUT 
OUT2 


GND OR2 


Abel™ Source File 
OUT2,O0UT1, INPUT pin; 
OUT2,OUT1 istype ’com’; 


Equations 
OUT2 = INPUT # 0; 
OUT1 = 1 & INPUT; 


2. Do not use the IN.1 and OUT.1 symbols when using the VDD 
and GND labels to create a constant logic level. If you use 
these input and output symbols, then the external pins with 
labels “VDD” and “GND” will be generated. 
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Applying the D_LATCH.1 and IN_LATCH.1 
Symbols for the ATV5000 or ATV5100 
Device 

The D_LATCH.1 symbol can be used in a design for latching 
internal or external signals. This symbol uses a D-type flip-flop 
with asynchronous preset and reset controls to emulate the latch 
function (the logic equations are specified in the functional 
library files; refer to “The DIO and DSTD Symbols” section for 
more information). This symbol can be used as an output or 
buried latch. The data flows through when G is HIGH. Once G 
goes LOW, the data is latched (see Figure 7). 


The IN_LATCH.1 symbol is only used for latching inputs in the 
ATV5000 or ATV5100 design. Unlike the D_LLATCH.1 sym- 
bol, this symbol is implemented in the ATV5000 or ATV5100 
using a real latch circuitry in each I/O pin. The data flows 
through when C is LOW, and data is captured on the rising edge 
of the C signal (see Figure 8). 


What to Do with the Unused Pins of a 

DSTD Symbol 

For DSTD symbols consisting of combinatorial logic such as 
the DSTD155 or DSTD156, the unused pins can be left uncon- 
nected. The unused logic will be automatically removed from 
the Abel™ source file as illustrated by Design Example 1 in 
Figure 9, 

On the other hand, careful attention must be paid to the unused 
pins if the symbols have registered or latched logic. With sym- 
bols that have registered or latched logic, pins and nodes are 


Figure 7. Design Example using D_LATCH.1 DIO Symbol 


Schematic 
D_LATCH 
DATA D Q OUT 
LCK1 G 


Abel™ Source File 
OUT1,LCK1,DATA pin; 

OUT istype ‘’buffer,reg d’; 
Equations 

OUT.D = 1 

OUT.AP = (LCK1 & DATA); 
OUT.AR = (LCK1 & !DATA); 
OUT.C = 1; 


automatically assigned to the unused inputs and outputs respec- 
tively. With the limited number of pins and nodes in the most 
devices, the assigned pins and nodes may prevent your final de- 
sign from fitting into the selected device. Design Example 2 in 
Figure 10 illustrates the problem in which three pins and nodes 
are unnecessarily created. 


In Design Example 2 (Figure 10), a total of three unnecessary 
pins were assigned and three unnecessary nodes generated. 


To eliminate all the unnecessary assigned pins, we recommend 
grounding the unused inputs. To reduce the unnecessary as- 
signed nodes to a single node, all the unused outputs of the sym- 
bol should be connected together to form a single node with an 
easily identifiable label such as NC or DUMMY. With these 
modifications implemented, instead of three pins and three 
nodes wasted as illustrated in Design Example 2, the efficiency 
of your design improved with: 


* no additional pins generated, and 


* only one additional node created. Usually this single node 
would not inhibit the design from fitting into the selected 
device. But if it does, then it can be manually deleted off the 
Abel™ source file. 


In Design Example 3 (Figure 11), only one node (i.e., node 
NC1) was created and no additional input pins assigned. 


Note: 

1. This restriction for the unused pins of the DSTD symbols will 
be eliminated in the future versions of the Atmel-ViewPLD 
development tool. 


Figure 8. Design Example using IN_LATCH.1 DIO Symbol 


Schematic 
IN_LATCH 
DATA D Q OUT 
LCK1 Cc 


Abel™ Source File 

OUT, LCK1,DATA pin; 

OUT istype 'buffer, reg d’; 
Equations 

OUT.D = DATA; 

OUT.LE = LCK1; 
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Figure 9. Design Example 1, A DSTD Symbol with Combi- 
natorial Logic in which the unused pins are left unconnected. 


Schematic 


Abel™ Source File 
_C,¥2,Y1,S,B2,B1,A2,Al pin ; 


Yl istype ‘com’ ; 

Y2 istype *eom’ z 

Equations 

Yl = !((!(Al & !S) & !(B1l & S)) # _C); 


Y2 = !((!(A2 & !S) & !(B2 & S)) # C); 


Figure 10. Design Example 2, A DSTD Symbol with Regis- 
tered Logic in which the unused pins are left unconnected 
generated. 


Schematic 


D1 
D2 
D3 


CLK 
_CLR 


Abel™ Source File 

$10,S7,S4 pin ; “Unused inputs 

$3,S6,S9 node ; "Unused outputs 

_CLR, Q3,. Q2, Ql, D3, D2, Di, CLK pin ; 
S9,S6,S3 istype ‘buffer, reg, reg _d’; 
Q3,Q2,Q1 istype ‘buffer, reg, reg_d’; 


Equations 
"Unnecessary logic equations 


S$9.d = $10; 

S9.ar = (!(_CLR)) ; 
S9.c = CLK ; 

S6.d = S7; 

S6.ar = (!(_CLR)) ; 
S6.c = CLK ; 

S3.d = S4; 

S3.ar = (!(_CLR)) ; 
S3.c = CLK ; 


"Actual logic equations in use 


Q2.d = D2; 

Q2.ar = (!(_CLR)) ; 
OZ2.¢ = CLK ? 

Q3.d = D3; 

Q3.ar = (!(_CLR)) ; 
Q3.c = CLK ; 

Ql.d = Dl; 

Ql.ar = (!(_CLR)) ; 
Ol.c = CLK ; 
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Figure 11. Design Example 3, A DSTD Symbol with Regis- 
tered Logic (same as in Design Example 2), but with the unused 
inputs grounded and unused outputs connected together to form 
a single node. 


Schematic 


Abel™ Source File 
NC1 node ; “Unused node 
_CLR,Q3,92,Q1,D3,D2,D1,CLK pin ; 


NC1 istype ‘buffer, reg, reg _d’; 


Q2 istype ‘buffer, reg, reg da’; 
Q3 istype ‘buffer, reg, reg _d’; 
Ql istype ‘buffer, reg, reg _d’; 
Equations 


"Unused logic equations 


NCl1.d = 0; 
NCl.ar = (!(_CLR)) ; 
NCl.c = CLK ; 


"Actual logic equations in use 


Q2.d = D2; 

Q2.ar = (!(_CLR)) ; 
Q2.c = CLK ; 

Q3.d = D3; 

Q3.ar = (!(_CLR)) ; 
Q3.c = CLK ; 

Ql.d = Dil; 

Ql.ar = (!(_CLR)) ; 
Ql.c = CLK ; 


Creating a Viewdraw Schematic from an 


Abei™ or a JEDEC File 

One of the valuable features of the Atmel-ViewPLD develop- 
ment tool is the ability to generate a Viewdraw schematic from 
an Abel™ or a JEDEC file. With this feature, you can use both 
the schematic capture and Abel HDL design entries in the same 
design. In addition, old designs which consist of PLDs or TTL 
devices that are already in production can easily be integrated 
into a single design so that it can be compiled to fit into a single 
PLD like the Atmel ATV5000 or ATV5100 device. 


The command for generating a Viewdraw schematic from an 
Abel™ or a JEDEC file is the “Window Open ViewPLD 
Model_Device Schematic” menu command. Once this com- 
mand is executed, the dialog box shown in Figure 12 will open. 
After selecting your options, click the middle button of the 
mouse to begin executing the command. 


Use the left button of the mouse to select the options or to enter 
the project name which is the Abel™ or JEDEC filename. Note 
that you must not enter the file extension (.ABL or JED) when 
entering the project name. 


Figure 13 shows the process flow for generating a schematic 
from an Abel™ file or a JEDEC file. 
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Figure 13. Process Flow for Modelling a Viewdraw Schematic 
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JEDEC File 


JED 


Convert to 
Abel Syntax 


JED2AHDL 


AHDL2PLA 


O 

re 

o Compile Abel 
= to Output PLA 
TT Format 

a) 

e) 

= 


Optimize 
.TT1 File 


MODEL Abel 


PLAOPT 


MODEL PLA 


Create Schematic 
and Symbol Files 


PLA2VIEW 


DIO 
Symbols 


.1 (SCH and WIR sub-directory) 


Viewdraw Logic 
and Symbol 
Schematics 


CMOS PLD 


Simulating Your Design Using Worst-Case Timing Values 


After you have created a JEDEC file for your design, you can 
further verify your design by simulating your design using the 
worst-case timing values of the selected device. Simulating 
your design using worst-case timing values provides significant 
benefits such as predicting the performance of your design, pro- 
viding information on timing violations, and etc. 


Prior to creating a timing model, you must first run the menu 
command “Window Open ViewPLD Search_TimBase.” This 
command will extract the timing data of the selected device 
from the global timing database and store them locally in the 


.TIM file (same filename as your design file but with extension 
.TIM). Note that the ASCII timing data in the .TIM file can be 
modified by the users if the new timing data for a new speed 
version device is available from Atmel. 


After creating the local timing database, execute the “Window 
Open ViewPLD Model_Device Timing_Model” menu com- 
mand to open the JEDEC Modeller dialog box as shown in Fig- 
ure 14, Select your options and click the middle button of the 
mouse to start executing the command (see Figure 15). 


Figure 14. JEDEC Modeller Dialog Box for Creating a Timing Model with Worst-Case Timing Values 


| 
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Figure 15. Process Flow for Creating a Timing Model 


Timing 
Database 
TIM file 


Notes: 

1. Converts the JEDEC file to a timing model in VHDL format. 
The VHDL Analyzer is then executed to convert the VHDL 
model to a VLI model which can be read by Viewsim. 
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JEDEC File 
J2VHDL"™ 


.VHD 
LI 


PLA2VIEW” 


2. Creates a symbol schematic of the modelled device, 1.e., only 
used pins will be generated. 


AIMEL 71 


AIMEL 


Table 2. Atmel-ViewPLD DIO Primitive Symbols 


Device 
Primitive Supported Description 


2-Input AND Gate 


4-Input AND Gate 


8-Input AND Gate 


Buffer 


awe [A 


Al 


| nor A 


4-Input NAND Gate 


—m 
ware 


4-Input OR Gate 


NOR8 Al 


OR8 8-Input OR Gate 


Power 


Tri-State Buffer, Output Enabled on High 
Viewlogic Built-in Primitive - DO NOT USE IN SCHEMATIC. 


TRST All 


TRIBUF 


XNOR2 


Refer to Appendix A of the Viewsim/SD Reference Guide. 


exe 
free 
free SOS 
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Table 2. Atmel-ViewPLD DIO Primitive Symbols (continued) 


Device 
Primitive Supported Description 


Generic Device Symbol (For Design Partitioning) 


a 
Pe 
TT awes | ~*d ea PnGenetcdevee——=SCS~*=~“‘“‘*~“~*~*~S~S~S~*S 
[awa | _*|0PnGenercdeve—=—=C~=~“‘“‘S*S*S*S*C*“‘~“<~S~S~CS*S*~* 
awe |_| s#PnGenetcdeve —=OSC~=“‘“‘*S*S*S*SSSSSS 
a 
ie SSCS 


Latches 
Data is latched when G goes LOW. 


ATV5000 
DLATCH 
custo ATV5100 This latch can be used as a buried latch. 
IN LATCH ATV5000 Input D Latch. The data flow-through occurs when the C input is LOW. Data is 
= ATV5100 latched on the rising edge of C. 
RS Latch. In ATV750 and ATV2500 devices, the RS latch is emulated via two 
RSLATCH cross-coupled NAND gates. In the ATV5000 devices, a flip-flop with 
asynchronous preset and reset is used. 


RSF | All__~—_|_ RS Flip-Flop. AD flip-flop is used to emulate the RS flip-flop. 


Flip-flops 


D Flip-Flop with no Preset or Reset Function. Flip-flop is reset upon device 
DFF All power-up 


DFFC PAL | D Flip-Flop with Asynchronous Reset 


DFFP pcore: D Flip-Flop with Asynchronous Preset 
DFFPC AT Wesoy | D Flip-Flop with Asynchronous Preset and Reset 


DFFSP PA D Flip-Flop with Synchronous Preset 


D Flip-Flop with Synchronous Preset and Ssynchronous Reset. In the ATV750 
DFFSPC and ATV2500 devices, the synchronous preset is a global preset product term, 

i.e., a Single product term presets a group of flip-flops. In the 

ATV5000/ATV5100 devices, the preset term can be independently controlled. 


JKFF PA JK Flip-Flop with no Preset or Reset 
JKFFC JK Flip-Flop with Asynchronous Reset 


| = JKFFP ply JK Flip-Flop with Asynchronous Preset 
ATV5000 
JKFFPC ATV5100 JK Flip-Flop with Asynchronous Preset and Reset 


JFFSP |All -—s'| JK Flip-Flopwith Synchronous Preset = i iti‘—sCSY 


Standard D Latch with Data Flow-Through when G Input is High. 
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Table 2. Atmel-ViewPLD DIO Primitive Symbols (continued) 


Device 
Primitive Supported Description 


JK Flip-Flop with Synchronous Preset and Asynchronous Reset. In the ATV750 
JKFFSPC 


and ATV2500 devices, the synchronous preset is a global preset product term, 
i.e., a Single product term presets a group of flip-flops. In the 
T Flip-Flop with no Preset or Reset 
TFFC T Flip-Flop with Asynchronous Reset 


ATV5000/ATV5100 devices, the preset term can be independently controlled. 
ATV5000 : 
TFFP ATV5100 T Flip-Flop with Asynchronous Preset 
TFFPC pb eres T Flip-Flop with Asynchronous Preset and Reset 
7 , 
TFFSP ATyse00 | T Flip-Flop with Synchronous Preset 


ATV750 T Flip-Flop with Synchronous Preset and Asynchronous Reset. In the ATV750 
ATV2500 and ATV2500 devices, the synchronous preset is a global preset product term, 
i.e., a Single product term presets a group of flip-flops. 


UDFDL = |— ——_| Viewlogic Built-In Primitive - DO NOT USE IN SCHEMATIC 


TFFSPC 
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Atmel’s DIO Primitives, Sheet 1 of 4 


AND2 OR2 NOR2 
AND4 OR4 NOR4 


Q Q QN 
AND8 OR8 NOR8 
H 


H 
A QN A QN 
a{ B)) o- 
NAND2 XNOR2 
QN 
NAND8 
QN A 
B 
NAND4 


IN 
] PWR eee 


BUF 


| GND 
‘ : > QN 
NOT 
Q 
A 
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Atmel’s DIO Primitives, Sheet 2 of 4 


ANY _ 20 ANY _ 68 ASHEET . 1 

¥ 8.5 X 11" 

11 00 ASHEET . 2 

2 11 X 8.5" 

03 

ae lo BSHEET . 1 

16 05 11 17 X 11" 

17 06 12 

18 07 13 CSHEET. 1 

19 . 17 X 22" 
fe CSHEET . 2 
Ig 22 X 17" 
+ He DSHEET . 1 
11 14 34 X 22" 
11 12 

ANY _ 24 11 13 ESHEET . 1 

= 14 34 X 44" 

10 15 

11 00 16 ESHEET . 2 

| 2 01 17 44 X 34" 

13 02 18 

14 03 19 

15 04 1 10 

16 05 1 11 

17 06 112 

18 07 113 

19 08 1 14 

1 10 09 115 

111 


ANY _ 28 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
11 
11 
11 
1 1 


SELSREEBRLS 


=—~=$ OONO OIAWND—-O 


=-~o 
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Atmel’s DIO Primitives, Sheet 3 of 4 
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Atmel’s DIO Primitives, Sheet 4 of 4 


Table 3. DSTD TTL Symbols 


Device 
Component Supported Function Description 


DSTDOO A 2-Input NAND Gate 

DSTDO2 All 2-Input NOR Gate 

DSTD04 All Inverter 

DSTDO8 All 2-Input AND Gate 

DSTD10 All 3-Input NAND Gate 

DSTD107 All JK Flip-Flop with Async. Clear 

DSTD109 All JK Flip-Flop with Async. Preset and Clear 
DSTD11 All 3-Input AND Gate 


ATV5000 
ATV5100 


ATV5000 
ATV5100 


ATV5000 Dual JK Flip-Flops (Negative-Edge Triggered) with Async. Preset, Common 
ATV5100 Clear, and Common C 


DSTD125 A Tri-State Buffer with LOW to OE 

DSTD126 All Tri-State Buffer with HIGH to OE 

DSTD128 All 2-Input NOR Gate 

DSTD133 All 13-Input NAND Gate 

DSTD134 All 12-Input NAND Gate with LOW to Output Enable Tri-State Buffer 
DSTD135 All Quad Exclusive-OR/NOR Gates 


ATV5000 
ATV5100 


DSTD138 All 3-to-8 Line Decoder 

DSTD139 All 2-to-4 Line Decoder 

DSTD140 All 4-Input NAND Gate 

DSTD147 All 10-to-4 Line Priority Encoder 

DSTD148 All 8-to-3 Line Priority Encoder 

DSTD150 All 1-of-16 Line Data Selector/Multiplexer 

DSTD151 All 1-of-8 Line Data Selector/Multiplexer with Compl. Output 
DSTD152 All 1-of-8 Line Data Selector/Multiplexer 

DSTD153 All Dual 4-to-1 Line Data Selector/Multiplexers 

DSTD154 All 4-to-16 Line Decoder 

DSTD155 A Dual 2-to-4 Line Decoders 

DSTD157 Al Quad 2-to-1 Line Data Selector/Multiplexers 

DSTD158 All Quad 2-to-1 Line Data Selector/Multiplexers with Compl. Output 


5-78 CMOS PLD 


DSTD112 JK Flip-Flop (Negative-Edge Triggered) with Async. Preset and Clear 


DSTD113 JK Flip-Flop (Negative-Edge Triggered) with Async. Preset 


DSTD114 


DSTD137 3-to-8 Line Decoder with Address Latches 


CMOS PLD 


Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


DSTD160 


DSTD164 ATVO00D 8-Bit Serial In/Parallel Out Shift Register with Async. Clear 
ATV5100 
DSTD165 pled 8-Bit Parallel In/Serial Out Shift Register with Compl. Output 


ll 

ll 

ll 

ll 
DSTD168 ll Synchronous 4-Bit Up/Down Decade Counter 
DSTD169 ll Synchronous 4-Bit Up/Down Binary Counter 

ll 

ll 

| 

| 

| 


ATV5000 : 

DSTD176 ATV5100 4-Bit Presetable Decade Counter 
ATV5000 . . 

DSTD177 ATV5100 4-Bit Presetable Binary Counter 


DSTD180 9-Bit Parity Generator/Checker 


ATV5000 . ; 
DSTD181 ATV5100 Arithmetic Logic Unit/Function Generator 


| 
DSTD182 Look-Ahead Carry Generator 
DSTD183 Carry-Save Full Address 


DSTD190 pga Sync. 4-Bit Up/Down Decade Counter with Mode Control 
ATV5100 

DSTD191 phy Synchronous 4-Bit Up/Down Binary Counter with Mode Control 

DSTD192 pl ors Synchronous 4-Bit Up/Down Decade Counter with Dual Clock 


DSTD194 4-Bit Bidirectional Universal Shift Register 


ATV5000 , 

DSTD196 ATV5100 4-Bit Presettable Decade Counter 
ATV5000 ; 

DSTD197 ATV5100 4-Bit Presettable Binary Counter 


DSTD198 8-Bit Bidirectional Universal Shift Register 
DSTD20 4-Input NAND Gate 
DsTD21 4-Input AND Gate 


ATV5000 ; . 
DSTD226 ATV5100 4-Bit Parallel Latched Bus Tranceivers 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


DSTD23 Dual 4-Input NOR Gates with Strobe 
DSTD237 All 3-to-8 Line Decoder with Address Latches 
DSTD240 All Quad Tri-State Inverting Buffers 

DSTD241 All Octal Tri-State Buffers 

DSTD242 All Quad Tri-State Inverting Bus Transceivers 
DSTD243 All 
DSTD244 
DSTD245 
DSTD25 
DSTD251 
DSTD253 


Quad Tri-State Bus Transceivers 

Octal Tri-State Buffers 

Octal Tri-State Bus Transceivers 

4-Input NOR Gate with Strobe 

Tri-State 1-to-8 Line Data Selector/Multiplexer with Compl. Output 
Dual Tri-State 1-to-4 Multiplexers 

DSTD257 Al Quad Tri-State 2-to-1 Multiplexers 

DSTD258 A Quad Tri-State 2-to-1 Inverting Multiplexers 

DSTD260 All 5-Input NOR Gate 

DSTD27 All 3-Input NOR Gate 

DSTD273 Octal D Flip-Flops with Clear and Buffer Outputs 

DSTD279 Dual SR Latches 

DSTD28 All 2-Input NOR Buffer 

DSTD280 9-Bit Odd/Even Parity Generators/Checkers 

DSTD283 All 4-Bit Binary Full Adders with Fast Carry 

DSTD290 Al 
DSTD293 Al 
DSTD295 Al 
DSTD298 Al 
DSTD299 


All 
A 
Al 


Al 


Decade Counter 

4-Bit Binary Counter 

4-Bit Right/Left Shift Registers with Tri-State Outputs 
Quad 2-Input Multiplexers with Storage 

8-Bit Universal Shift/Storage Registers 

DSTD30 A 8-Input NAND Gate 

DSTD31 A Delay Elements 

DSTD32 All 2-Input OR Gate 

DSTD323 All 8-Bit Universal Shift/Storage Registers 

DSTD348 All 8-to-3 Line Priority Encoders with Tri-State Outputs 
DSTD353 A Dual 4-to-1 Line Data Selectors/Multiplexers with Tri-State Outputs 


I 
plieer +, 8-to-1 Multiplexer/Register (Transparent) 


5-80 CMOS PLD 


DSTD354 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


DSTD356 All 8-to-1 Multiplexer/Register (Edge- Triggered) 

DSTD365 All Hex Bus Drivers with Tri-State Outputs 

DSTD366 All Hex Inverting Bus Drivers with Tri-State Outputs 

DSTD367 Hex Bus Drivers with Tri-State Outputs with Two Tri-State Controls 
DSTD368 Hex Inverting Bus Drivers with Tri-State Outputs with Two Tri-State Controls 
DSTD37 2-input NAND Buffers 


ATV5000 
DSTD373 ATV5100 Octal Transparent D Latches 
All 


DSTD374 Octal Edge-Triggered D Flip-Flops 

DSTD376 All Quad JK Flip-Flops 

DSTD377 All Octal D Flip-Flops with Enable 

DSTD378 All Hex D Flip-Flops with Enable 

DSTD379 Quad D Flip-Flops with Enable 

DSTD390 4-Bit Decade Counter 

DSTD393 All 4-Bit Binary Counter 

DSTD398 All Quad 2-Input Multiplexer with Storage 

DSTD399 All Quad 2-Input Multiplexer with Storage 

DSTD40 All 4-Input NAND Buffers 

DSTD4002 All 4-Input NOR Gate 

DSTD4016 Bilateral Switch 

DSTD4017 A Decade Counter/Divider 

DSTD4020 All 14-Stage Ripple-Carry Binary Counter/Divider 
ll 


A 
rosrow7s | Al—‘(SimtonGae—SSOSOSCS~S~—S~S 
Toso [Al | cD. Decimal Decoder SSS 


ATV5000 seis ie tne 
DSTDS1 Dual 2-Wide 2-Input AND-OR-INVERT Gates 
DSTD520 All | Octal 8-Bit Identity Comparator 


All 


Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


DSTD521 Octal 8-Bit Identity Comparator 

ATV5000 . 
DSTD533 ATV5100 Octal Tri-State Inverting Transparent D Latches 
DSTD534 Octal Tri-State Inverting Edge-Triggered D Flip-flops 
DSTD54 4-Wide 2-Input AND-OR-INVERT Gates 

A 

A 

A 


| 
| 
DSTD538 | 3-to-8 Line Decoders with Tri-State Outputs 
| 
DSTD540 Octal Buffers with Tri-State Outputs 
| 


DSTD541 Octal Inverting Buffers with Tri-State Outputs 


DSTDS55 All —_| Wide 4-Input AND-OR-INVERT Gates 


ATV5000 


DSTD563 Octal Tri-State Inverting Transparent D Latches 


ATV5100 
DSTD564 Octal Tri-State Inverting Edge-Triggered D Flip-Flops 


DSTD568 / All -—_| Synchronous 4-Bit Up/Down Decade Counter with Tri-State Outputs 


DSTD569 PA Synchronous 4-Bit Up/Down Binary Counter with Tri-State Outputs 


ATV5000 ; 
DSTD573 ATV5100 Octal Tri-State Transparent D Latches 


DSTD574 Octal Tri-State Edge-Triggered D Flip-Flops 


| 
| 
| 
| 
All 
f 
| 
Al 
| 
DSTD575 Octal Tri-State Edge-Triggered D Flip-Flops with Sync. Clear 
DSTD576 / All _—_|_ Octal Tri-State Inverting Edge-Triggered D Flip-Flops 
DSTD580 peers Octal Tri-State Inverting Transparent D Latches 
DSTD623 Octal Tri-State Bus Transceivers 
DSTD638 Octal inverting Bus Transceivers with Tri-State and Open-Collector Outputs 
l 
Al 


DSTD64 4-2-3-2-Input AND-OR-INVERT Gates 


DSTD640 PA Octal Tri-State Inverting Bus Transceivers 


DSTD643 Octal Tri-State True and Inverting Bus Transceivers 


DSTD645 A Octal Tri-State Bus Transceivers 


AN 
DSTD646 Al Octal Bus Transceivers and Registers with AllTri-State Outputs 
DSTD652 Al Octal Bus Transceivers and Registers 
DSTD668 Al Synchronous 4-Bit Up/Down Decade Counters 
DSTD669 PA Synchronous 4-Bit Up/Down Binary Counters 


DSTD670 pire 4-by-4 Register Files with Tri-State Outputs 


DSTD677 A 16-to-4 Bit Address Comparator with Enable 
DSTD684 8-Bit Magnitude/Identity Comparator 
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Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


DSTD688 FAL 8-Bit Identity Comparator 
ATV5000 ; ; : 
DSTD70 ATV5100 AND-Gated Edge-Triggered JK Flip-Flop with Async. Preset and Clear 


ATV . . 
DSTD73 paper JK Flip-Flop with Asyne. Clear 


DSTD74 ple D Flip-Flop (Edge-Triggered) with Async. Preset and Clear 


DSTD75 , 4-Bit Bistable Latches 
DSTD76 plant JK Flip-Flop with Async. Preset and Clear 
DSTD77 plone Dual Transparent D Latches 


DSTD78 ATV5000 Dual JK Flip-Flops (Edge-Triggered) with Async. Preset, Common Clear, and 
ATV5100 Common Clock 


Gated Full Adders 
2-Input NAND Line Driver 


2-Input NOR Line Driver 


DSTD808 2-Input AND Line Driver 


DSTD82 A 2-Bit Binary Full Adders 


DSTD83 All 
DSTD832 2-Input OR Line Driver 

DSTD85 
/ostpas7 | All| Hex2to-1 Universal Multiplexers 
|osToas | Al | 2 Input Exclusive-ORGate 
/DSTD874 —s | All, «==, 4-Bit Edge-Triggered D Flip-Flop 

/pstps7a =| All_~—_—=|,_ 4-Bit Edge- Triggered D Flip-Flop with Tri-State Outputs 

jostoss | Al | 4 BBinary Counter 


ATV5000 se iets 
DSTD94 ATV5100 4-Bit Shift-Registers 


DSTD80 
DSTD804 
DSTD805 


Table 3. DSTD TTL Symbols (continued) 


Device 
Component Supported Function Description 


ATV5000 tens ; 
DSTD96 ATV5100 5-Bit Shift Registers 
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Using the ATV5000/ATV5100 
Atmel-Abel™ Fitter 


Introduction 

The ATV5000/ATV5100 Atmel-Abel Fit- 
ter is an automatic pin and node 
assignment program specifically written 
for ATVS5000/ATV5100 designs im- 
plemented in the Abel Hardware Design 
Language (Abel HDL). The fitter utilizes 
the ATV5000 or ATV5100 device archi- 
tecture resources to perform partial or 
complete pin and node signal assignments. 
For many designs, the fitter automatically 
assigns the pins and nodes efficiently with- 
out any manipulations by the designer. 
However, for very complex designs, some 
“steering” by the designer may be neces- 
sary in order to achieve high efficiency and 
performance. 


This application note offers some hints that 
enable the ATV5000/ATV5100 fitter to 
achieve a higher design efficiency and per- 


Atmel P5000/P5100 fitter run on 


Fitting Device P5000. 
Fitter mode=KEEP 
Converting cluster toggle pin feedback to registered feedback. 


Overall Summary. 


Type Used 
Cell Usage 

Macrocells 2.25 
Pins Usage 


Chip assignments summary. 
Quadrant (1). 
toggle on 761 


formance. To maximize your understand- 
ing of these hints, you should read the 
Atmel ATV5000/ATV5100 Device Fitter 
manual. This manual contains a brief over- 
view of the ATVS000 and ATV5100 
architectures, the fitting process and fitter 
command options. 


Interpreting the Fitter Log 

File (.FIT) 

The ATV5000/ATV5100 fitter writes the 
pin and node assignments, device utiliza- 
tion, and any fitting errors the fitter 
encountered to the log file with the file ex- 
tension .F IT. This fitter log file can be 
accessed via the Fitter Assign- 
ments command in the View menu 
window in the Abel Design Environment. 
Figure 1 shows an example of a fitter log 
file. 


4-Feb-94 10:25 AM. 


Utilization 


4.3% (1.00 Wasted) 


Figure 1. The UR_RU.FIT file for the ATV500 device (KEEP fitter option) (continues) 


ATMEL 


ATV5000 
ATV5100 
Atmel-Abel 
Fitter 
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SOMERS canenamsenmamsnnoncsamomuniansny 


RESET on 5 

clock pin on 6 

input_pin on 7 

togl on 8 

toggle RU 2 on 69 
Quadrant (2). 

tog2 on 134 

toggle UR_1 on 179 

tog3 on 18 
Quadrant (3). 
Quadrant (4). 


Quadrant by Quadrant Macrocell Usage. 


-Node 196 (Buried node) -> <none> 
(has A has_upper reg ) 


SDEVICE P5000 fit ur_ru.tt3 
SPINS 4 clock _pin:6 input_pin:5 togl:7 tog3:18 
SNODES 3 toggle:122 tog2:123 toggle RU_1:72 


Figure 1. (continued) The UR_RU.FIT file for the ATV500 device (KEEP fitter option) 


When reviewing the fitter log file, you should pay special atten- fitter may generate additional combinatorial nodes to route re- 
tion to the Chip Assignments Summary because it contains the gional signals from one quadrant to another. The additional 
information on how the fitter implemented the pin and node as- nodes generated contain suffixes such as_UR_n, RU_n, and 
signments. In addition to the pin and node assignments, the _n, where n is the total number of occurrences of the nodes. 


_UR_n | Universal-to-Regional (UR) converters. These converters are used to convert the universal signals to regional signals. 
These conversions are sometimes necessary because of the limited number of universal product terms. Only the 
Buried Cells can be used for the UR conversion. This means that you can have up to a maximum of six UR converters 
in a quadrant of the ATV5000 or ATV5100 device. 


Regional-to-Universal (RU) converters. These converters are used to route regional signals to other quadrants. The 


sum-term-feedbacks or B Nodes (nodes 69 to 120) are used for the RU conversion. Since the sum-term-feedback 
shares the same feedback path as the I/O pin, the sum-term-feedback is only available if the I/O pin is not used as an 
input, bidirectional I/O, combinatorial output, or a registered output with more than four product terms (or more than 
one universal product term for the ATV5000 device and two universal product terms for the ATV5100 device). 


These combinatorial nodes function similarly to the UR converters. They are generated for the ATV 5100 regional 
control terms such as the Asynchronous Reset (AR) and Asynchronous Preset (AP) terms of the registers in the 
macrocells, and the Output Enable (OE) terms in the I/O cells. Like the UR converters, only the Buried Cells can be 
used for converting the universal signals to regional signals. 


1. Universal signals are signals originating from the Universal Bus. Universal signals include signals from the I/O pins or sum-term-feedbacks 
(combinatorial nodes 69 to 120). 

2. Regional signals are signals originating from the Regional Bus of quadrants 1, 2,3, and 4. Regional signals include signals from the eight dedi- 
cated Clock/Latch Enable pins (also can be used as inputs), the buried Q1 and Q2 registers, and the Buried Cells. 

3. Universal product terms are the product terms that are connected to both the Universal and Regional Buses. 

4. Regional product terms are the product terms that are connected only to the Regional Bus in a quadrant. 
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“Inputs 
RESET pin 5; 
clock pin pin 6; 


“Quadrant 1 

toggle node 761 
input pin pin 7 
togl pin 8 


“Quadrant 2 
tog2 node 134 
tog3 pin 18 


equations 
"Quadrant 1 node ‘toggle’ wiggles when ‘input_pin’ 
toggle.t = input pin; 

toggle.clk = clock pin; 


toggle.ar = RESET; 


istype ‘reg t,buffer’; 
“Input to Universal bus 
istype ‘reg t,buffer’'; 


“Reset for everybody 
“Clock for everybody 


“A node of pin 4 


istype ‘reg t,buffer’; 
istype ‘reg t,buffer'; 


“Quadrant 1 pin 'togl’ wiggles when toggle is 


togl.t = toggle; 
togl.clk = clock_pin; 
togl.ar = RESET; 


“Quadrant 2 node 'tog2’ wiggles when 'toggle’ or ‘'togl’ is 1 


tog2.t = toggle # togl; 
tog2.clk = clock _pin; 
tog2.ar = RESET; 


“Quadrant 2 pin 'tog3’ wiggles when ‘togl’ and ‘’tog2’ are 1 


tog3.t = togl & tog2; 
tog3.clk = clock _pin; 
tog3.ar = RESET; 


Figure 2. The UR_RU.ABL Abel file 


In the UR_RU.FIT fitter log file in Figure 1, toggle _RU_2 
and toggle_UR_1 are Regional-to-Universal (RU) and Uni- 
versal-to-Regional (UR) converters. This is because the 
“toggle” signal is accessed by both the tog1 and tog2 output 
pins (see Figure 2 for the equations). 


Note that the fitter option KEEP was used for the UR_RU design 
to illustrate the generation of the UR and RU converters. If 
there are no pin or node pre-assignments or if the IGNORE fitter 
option was used instead, then the fitter will make more efficient 
pin and node assignments. 


Please refer to your Atmel ATV5000/ATV5100 Device Fitter 
manual for more information on the fitter log file. 


Fitter Hints 

The fitter hints described in this section help you fit your de- 
signs into an ATV5000 or ATV5100 device more efficiently. 
To implement these fitter hints, some modifications to your 
Abel design files may be necessary. 


If you are an Atmel-ViewPLD user, you can modify your sche- 
matics to bring about similar Abel design modifications. If pin 


or node pre-assignments are recommended, they can be speci- 
fied in the design .PN file. For more information on the .PN 
file, refer to the ATMPIN.DOC file. (The ATMPIN feature is 
supported in Atmel-ViewPLD Version 4.42 or higher). 


Fitter Hint 1: Let the fitter makes its own pin and 
node assignments (IGNORE fitter option). 

To allow maximum fitting efficiency, minimize the number of 
pre-assigned pins and nodes. With fewer constraints, the fitter 
can use its own pin and node assignments to its maximum capa- 
bility. If you require pin pre-assignments to keep the fitter from 
changing the assignments (using the fitter option KEEP), then 
minimize the node pre-assignments. Note that in some designs, 
some pre-assignments may be able to “steer” the fitter to form 
or place signal groups that will lead to a higher fitting effi- 
ciency. 


Figure 3 shows the UR_RU fitter log file with the IGNORE fitter 
option (ignore all pin and node pre-assignments). By ignoring 
the pre-assignments, the fitter was able to eliminate the use of 
the UR and RU converters, producing a more efficient and 
higher performance design fit. 
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Atmel P5000/P5100 fitter run on 4-Feb-94 03:28 PM. 


Fitting Device P5000. 
Fitter mode=IGNORE 


Converting cluster togl pin feedback to 


registered feedback. 


Converting cluster toggle pin feedback to registered feedback. 
Converting cluster tog2 pin feedback to 


registered feedback. 
The Localized inputs are: 
RESET clock pin input _pin 


Overall Summary. 
Type Used Free 
Cell Usage 
Macrocells 1.00 73300 
Pins Usage 

Inputs 

Outputs 

IO z 

Summary 


Chip assignments summary. 
Quadrant (1). 

clock _pin on 1 

RESET on 2 

tog3 on 15 

togl on 17 

tog2 on 133 

toggle on 132 
Quadrant (2). 

input_pin on 32 
Quadrant (3). 
Quadrant (4). 


Utilization 


1.3% (0.00 
Wasted) 


Figure 3. The UR_RU.FIT file for the ATV5000 device (IGNORE fitter option) 


Fitter Hint 2: Use the pin clock feature to break up 
large signal groups. 

Atmel-VIlewPLD Users: Use the symbols from the PDFF or 
CDFF primitive family in the DIO library. The PDFF primi- 
tives implement the pin clocking features, whereas the CDFF 
primitives allow the gated pin clocking functions. 


CNTA.T = ((CNTA.FB + 1) $ CNTA.FB) 


# (INPUT $ CNTA.FB) & LD; 
CNTA.C = CLK1; 


CNTA.AR = RST; 


If you have a large signal group (a function group that cannot fit 
into a single quadrant), then using the pin clocking or clock-en- 
able feature (that is, using signal.CE = pin _clk 
equations) may help the fitter break up the large signal group 
into smaller, more efficient groups. Figures 4 and 5 show the 
CNT10.ABL 10-bit counter equations utilizing the product 
term and pin clocking features, respectively. 


& CE “CNTA = [A9..A0O], Counter A 
“INPUT = [I9..I10] 
“Independent product term 
“clocking 


Figure 4. CNT10 . ABL counter equations with product term clocking 


CNTA.T = ((CNTA.FB + 1) $ CNTA.FB) & CE 


# (INPUT $ CNTA.FB) & LD; 
CNTA.CE = CLK1; 


CNTA.AR = RST; 


CNTA.CK = “h3FF; 


“CNTA = [A9..A0], Counter A 
“INPUT = [19..I10] 
“.CE equation to 


“implement pin clocking 


Figure 5. CNT10 .ABL counter equations with pin clocking 
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Figures 6 and 7 show the chip assignments summary of the are inputs for the next counters, the fitter will form a single large 
CNT 10 fitter log files for the designs with product term and pin group for these counters. As illustrated by the fitter log files, 
clocking options. The CNT10 design consists of four 10-bit the fitter separated each counter more efficiently in the design 
loadable counters in which the outputs of one counter are with the pin clocking option. In Figure 6, some of the counter B 
loaded into the next counter. Since the outputs of the counters Outputs were scattered to other quadrants instead of being 


Chip assignments summary. 
Quadrant (1). 


<clock for counters A, B, C and D via product terms> 


Quadrant (2). 
on 
on 


on 
on 


on 
on 
on 
on 
on 
on 
on <Counter B output in Quadrant 2> 
I0 
ae | 
Quadrant (3). 
on 
on 


on 
on 
on 
on 
on 
on 
on 
on 
on 
on <Counter B output in Quadrant 3> 


on 
on 
on 


on 
on 
on 
on 
on 


Figure 6. Fitter log file for CNT10 . ABL with product term clocking 
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grouped together in a single quadrant. For this design example, formance penalty. But for a very complex design, the scattered 
these scattered placements of the counter B outputs pose no per- pin or node placements may inhibit efficient fitting. 


Chip assignments summary. 

Quadrant (1). 
LD on 1 
CLK1 on 2 (clock for counter A) 
RST on 4 


on 
Quadrant (2). 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
CLK2 on 32 (clock for counter B) 
CE on 34 
Quadrant (3). 
I0 on 35 
CLK3 on 36 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on (clock for counter C) 
Quadrant (4). 
on 
on 
on 
on 
on 
on 
on 
on 
on 
on 
CLK4 on 66 (clock for counter D) 
Il on 68 


Figure 7. Fitter log file for CNT10 . ABL with pin clocking 
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Fitter Hint 3: Reduce the number of RU converters The ATV5000/ATV5100 automatically generates RU convert- 
by promoting registered nodes that are referenced ers so that the regional signals from one quadrant can be routed 
by other pins or nodes placed in other quadrants to to other quadrants. In the fitter log files, the RU converters are 
pins indicated by the suffix _RU_n, where n is the total number of 
Atmel-ViewPLD Users: Add and connect the OUT symbol occurrences of the RU and UR converters. In Figure 8, the chip 
from the DIO library to the registered nodes. assignments summary of the JACKSO0OO fitter log file 


(JACK5000.FIT) shows that RU converters were generated 


Atmel P5000/P5100 fitter run on 7-Feb-94 10:41 PM. 


Fitting Device P5000. 

Fitter mode=IGNORE 

Converting cluster Ace pin feedback to registered feedback. 
Converting cluster S3 pin feedback to registered feedback. 
Converting cluster S2 pin feedback to registered feedback. 
Converting cluster Sl pin feedback to registered feedback. 
Converting cluster SO pin feedback to registered feedback. 
The Localized inputs are: 

V4 V3 V2 V1 VO 

Universal element Addl0O regionalized. 

Universal element Subl0 regionalized. 

Universal element QO regionalized. 

Universal element Q2 regionalized. 

Universal element Addl0O regionalized. 
Universal element Sub10 regionalized. 

Signal C2 inverted to get better term usage. 


Overall Summary. 
Type Used Free Utilization 


Cell Usage 

Macrocells 18.75 53.50 29.4% (3.50 Wasted) 
Pins Usage 

Inputs 

Outputs 


Chip assignments summary. 
Quadrant (1). 
on l 
on 2 
on 761 
on 762 
on 763 
Clk on 7 
on 8 
on 9 
on 10 
on ll 
on 12 
_UR_4 on 78 
C4 on 79 
Bust on 80 
Hit on 81 
Add1l0 UR_1 on 173 
C3 on 174 
Sub10 UR _2 on 175 
C2 on 176 
Cl on 177 
Q0 UR 3 on 178 


Figure 8. Original chip assignments summary of the JACK5000.FIT file (continues) 
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Clr on 4 
CardiIn on 5 
CardOut on 6 
1 partitioned but unassigned signals. 
Ql 
Quadrant (2). 
Sub10 on 27 
Addl10 on 28 
Q2 on 29 
Q0 on 30 
Ace on 31 
V2 on 32 
V1 on 34 
is Ace on 179 
Quadrant (3). 
VO on 36 
DO on 49 
SQ_RU_7 on 107 <RU Converter> 
Converter 
Add10 UR_5 on 185 
Sub10 UR_6 on 186 
SO on 159 
Quadrant (4). 
S4 RU_8 on 120 <RU Converter> 
Converter 
1 partitioned but unassigned signals. 
S4 


Figure 8. (Continued) Original chip assignments summary of the JACK5000 . FIT file 


for the SO and S4 registered nodes. The RU converters were optimized equations shown in Figure 9 confirms that the SO and 
generated because these regional registered nodes are being ref- S4 nodes are inputs to the DO, D1, D2, D3 and D4 output pins. 
erenced by the nodes placed in other quadrants. A look at the 


(SO.FB); 


(!S4.FB & !S3.FB & S1.FB 

# !S3.FB & S2.FB & S1.FB 

# S4.FB & S3.FB & !S2.FB & S1.FB 

# !S4.FB & S3.FB & S2.FB & !S1.FB 

# S4.FB & !S3.FB & !S2.FB & !S1.FB); 


(!S4.FB & !S3.FB & S2.FB 
# S4.FB & S3.FB & !S2.FB 
# !S4.FB & S2.FB & S1.FB 
# S4.FB & !S2.FB & !S1.FB); 


(S4.FB & !S3.FB & !S2.FB & S1.FB 
# S4.FB & S3.FB & S2.FB & !S1.FB 
# !S4.FB & S3.FB & !S2.FB & !S1.FB); 


(!S4.FB & S3.FB & S2.FB 

# S4.FB & !S3.FB & !S2.FB 
# !S4.FB & S3.FB & S1.FB 
# S3.FB & S2.FB & S1.FB); 


(S4.FB & S3.FB 
# S4.FB & S2.FB); 


Figure 9. Optimized equations of JACK5000 design example 
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After promoting the SO and S4 nodes to pins, the JACK5000 nodes promotion process is repeated for the $1, $2, and S3 reg- 
Abel file was re-compiled. As shown in Figure 10, the updated istered nodes. 
fitter log file now contains a few more RU converters. The 


Atmel P5000/P5100 fitter run on 7-Feb-94 10:39 PM. 


Fitting Device P5000. 

Fitter mode=IGNORE 

Converting cluster Ace pin feedback to registered feedback. 
Converting cluster SO pin feedback to registered feedback. 
Converting cluster S3 pin feedback to registered feedback. 
Converting cluster S2 pin feedback to registered feedback. 
Converting cluster Sl pin feedback to registered feedback. 
The Localized inputs are: 

V4 V3 V2 V1 VO 

Universal element Add1l0 regionalized. 

Universal element Sub10 regionalized. 

Universal element QO regionalized. 

Universal element Q2 regionalized. 

Signal C2 inverted to get better term 


Overall Summary. 

Type Used Utilization 
Cell Usage 

Macrocells 17.50 ; 28.4% (4.00 Wasted) 
Pins Usage 

Inputs 

Outputs 

IO 

Summary 


Chip assignments summary. 
Quadrant (1). 
on l 
on 2 
on 761 
on 762 
on 763 
Clk on 7 
D2 on 8 
Dl on 9 
S1_RU_7 on 
Converter 
S2 RU 6 on 
Converter 
S$3_RU_5 on 
Converter 
Q2 UR_4 on 
C4 on 79 
Bust on 80 
Hit on 81 
Add10_UR_1 on 173 
C3 on 174 
Sub10_ UR _2 on 175 
C2 on 176 
Cl on i77 
Q0_ UR _3 on 178 
Clr on 4 
CardIn on 5 
CardOut on 6 


Figure 10. Chip assignments summary of the JACK5000 .FIT file after promoting SO and S4 


nodes to pins (continues) 
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1 partitioned but unassigned signals. 
Ql 
Quadrant (2). 
Sub10 on 27 
Add10O on 28 
Q2 on 29 
Q0 on 30 
Ace on 31 
V2 on 32 
Vl on 34 
is Ace on 179 
Quadrant (3). 
VO on 36 
DO on 49 
SO on 51 
1 partitioned but unassigned signals. 
S4 
Quadrant (4). 
D5 on 63 
D3 on 64 
D4 on 65 


Figure 10. (Continued) Chip assignments summary of the JACK5000 . FIT file after promoting 
SO and S4 nodes to pins 


With the promotion of SO, $1, $2, S3 and S4 registered nodes ATV5000 device. The chip assignments summary in Figure 11 
to pins, the JACKSO00 design successfully fit into the shows that all the RU converters were successfully eliminated. 


Atmel P5000/P5100 fitter run on 7-Feb-94 10:34 PM. 


Fitting Device P5000. 

Fitter mode=IGNORE 

Converting cluster Ace pin feedback to registered feedback. 
Converting cluster S3 pin feedback to registered feedback. 
Converting cluster S2 pin feedback to registered feedback. 
Converting cluster Sl pin feedback to registered feedback. 
Converting cluster SO pin feedback to registered feedback. 
The Localized inputs are: 

v4 V3 V2 V1 VO 

Universal element Subl0 regionalized. 

Universal element Add10 regionalized. 

Universal element regionalized. 

Universal element regionalized. 

Universal element regionalized. 


Universal element regionalized. 
Universal element regionalized. 
Signal C2 inverted to get better term usage. 


Overall Summary. 
Type Used Utilization 


Cell Usage 

Macrocells 22.00 ‘ ‘ (2.75 Wasted) 
Pins Usage 

Inputs 

Outputs 


Figure 11. Chip assignments summary of the JACK5000. FIT file after promoting SO, $1, S2, 
$3, and S4 nodes to pins (continues) 
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Chip assignments summary. 
Quadrant (1). 
V3 on 1 
V4 on 2 
Clk on 4 
Clr on 5 
CardIn on 6 
CardOut on 7 
on 
on 
on 
on 
on 
on 
on 
oni 
Sub10 UR_1 on 177 
Add10_UR_2 on 178 
Quadrant (2). 
Add10 on 26 
Sub10 on 27 


Q2 on 28 
Ace on 29 


Q0 on 30 

Ol on 31 

V2 on 32 

V1 on 34 

Hit on 179 

Bust on 180 

is Ace on 181 

S4 UR_3 on 182 

S3_UR_4 on 183 
Quadrant (3). 

on 


S1_UR_6 on 186 

S4 UR_7 on 187 
Quadrant (4). 

DO on 64 

SO on 65 


Figure 11. (Continued) Chip assignments summary of the JACK5000 .FIT file after promot- 


ing SO, $1, S2, S3, and S4 nodes to pins 


Fitter Hint 4: Reduce the number of RU and UR 
converters by targeting the ATV5100 instead of the 
ATV5000. 

The ATV5100 device has an architecture very similar to the 
ATV5000. One advantage the ATV5100 has over the 
ATV5000 is that there are more universal routing resources for 
logic functions in the ATV5100 (a maximum of 8 universal 
product terms in the ATV5100 versus 4 in the ATV5000). This 


Atmel P5000/P5100 fitter run on 


Fitting Device P5100. 
Fitter mode=IGNORE 


device is well suited for applications that have large signal 
groups (for example, large state machines) which can not be 
fitted into a single quadrant. 


Figure 12 shows the ATV5100 chip assignments summary of 
the original JACK5000 Abel source file . Comparing the fitter 
log files in Figures 8 and 12, the design fits more efficiently in 
the ATV5100 device than the ATV5000 device. 


8-Feb-94 11:54 AM. 


Converting cluster Ace pin feedback to registered feedback 


Figure 12. ATV5100 chip assignments summary of the original JACK5000 file (continues) 
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Converting cluster S3 pin feedback to registered feedback. 
Converting cluster S2 pin feedback to registered feedback. 
Converting cluster Sl pin feedback to registered feedback. 
Converting cluster SO pin feedback to registered feedback. 
The Localized inputs are: 

V4 V3 V2 V1 Clr 

Universal element Add1l0 regionalized. 

Universal element Sub10 regionalized. 

Universal element VO regionalized. 

Signal C2 inverted to get better term 


Overall Summary. 

Type Used Utilization 
Cell Usage 

Macrocells 15.75 : 25.4% (3.50 Wasted) 
Pins Usage 

Inputs 

Outputs 

IO 

Summary 


Chip assignments summary. 

Quadrant (1). 
on l 
on 2 

on 761 

on 762 

on 763 

Clk on 7 


Bust on 80 

Hit on 81 

C2 on 173 

C3 on 174 

Ci on 175 

Add10 UR_1 on 176 

Sub10_ UR_2 on 177 

VO on 4 

CardIn on 5 

CardOut on 6 
Quadrant (2). 

Sub10 on 27 

Add10O on 28 

Q2 on 29 

Q0 on 30 

Ace on 3l 

V2 on 32 

V1 on 34 

is Ace on 179 
Quadrant (3). 

Clr on 36 

DO on 49 

SO _RU_4 on 107 

VO_UR_3 on 185 

SO on 159 
Quadrant (4). 

S4 on 800 

S4 RU_5 on 120 


Figure 12. (Continued) ATV5100 chip assignments summary of the original JACK5000 file 
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By applying the fitter hint 3, the RU converters can be removed two UR converters compared to six converters for the 
by promoting the SO, S1, S2, S3, and S4 registered nodes to ATV5000 device (refer to Figure 11). 
pins. The fitter log file in Figure 13 shows that there are only 


Atmel P5000/P5100 fitter run on 8-Feb-94 01:09 PM. 


Fitting Device P5100. 
Fitter modeIGNORE 

Converting cluster Ace pin feedback to registered feedback. 
Converting cluster Addl0 pin feedback to registered feedback. 
Converting cluster Subl0 pin feedback to registered feedback. 
Converting cluster S4 pin feedback to registered feedback. 
Converting cluster S3 pin feedback to registered feedback. 
Converting cluster S2 pin feedback to registered feedback. 
Converting cluster Sl pin feedback to registered feedback. 
Converting cluster SO pin feedback to registered feedback. 
The Localized inputs are: 

V4 V3 V2 V1 Clr 

Universal element Addl0 regionalized. 

Universal element Sub10 regionalized. 

Signal C2 inverted to get better term 


Overall Summary. 
Type Used Utilization 


Cell Usage 

Macrocells ‘ 25.0% (2.75 Wasted) 
Pins Usage 

Inputs 

Outputs 


Chip assignments summary. 
Quadrant (1). 
V3 on 1 
V4 on 2 
Clk on 4 
VO on 5 
Cardin on 6 
CardOut on 7 
S2 on 
on 


_UR_1 on 177 <lst UR converter> 

Sub10 UR_2 on 178 <2nd UR converter> 
Quadrant (2). 

Add10 on 26 

Sub10 on 27 

Q2 on 28 

Ace on 29 

Q0 on 30 

Ql on 31 

V2 on 32 

V1 on 34 

Hit on 179 


Figure 13. ATV5100 chip assignments summary of the JACK5000.FIT file after promoting 
SO, S1, $2, $3, and S4 nodes to pins (continues) 


Bust on 180 

is Ace on 181 
Quadrant (3). 

Clr on 36 


D5 on 46 
D3 on 47 
D2 on 48 
D4 on 49 
Di on 51 
Quadrant (4). 
DO on 64 
SO on 65 


Figure 13. (Continued) ATV5100 chip assignments summary of the JACK5000 . FIT file after 


promoting SO, $1, S2, $3, and S4 nodes to pins 


Fitter Hint 5: Reduce the UR converters by 
promoting registered nodes with many product 
terms to pins. 

Normally, the ATV5000/ATV5100 fitter will choose the De- 
fault or Reverse polarity equations with the fewest number of 
product terms for the combinatorial nodes and for both the reg- 
istered and combinatorial output pins (refer to Figure 14). But 
for the registered nodes, the ATV5000/ATV5100 fitter only im- 
plements the Default polarity equations (inverting is not done 
because of complications arising from T-type flip-flops and 
reset and preset configurations). 


The Abel Optimizer (PLAOPT) produces two sets of equations, 
Default and Reverse polarity, for each equation in your design. 


Both equation sets are functionally equivalent. However, in 
order to select the Reverse polarity equations, the fitter must 
invert the polarity of the output signals. This inversion can be 
achieved simply by setting the polarity of the Atmel PLD out- 
puts to negative or invert (all Atmel PLDs have polarity control 
on their outputs). For internal combinatorial nodes without 
polarity control capabilities, the ATV5000/ATV5100 fitter 
accomplishes the inversions by inverting the references to these 
nodes in all equations. 


Figure 14 shows the FITSOA Abel example, which illustrates 
how to ensure that both the Default and Reverse polarity equa- 
tions are accessible to the fitter. 


598 ACT V5000/ATV5100 mums 
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module FITSOA; 
title ‘A simple design example that the fitter will choose the Default or 
Reverse polarity equations with the fewest number of product terms.’; 


“Use KEEP fitter option to force to I0..I7 to use the I/O pins as inputs. 


CLK pin 1; 
RST pin 2; 
I0,11,12,1I3,14,15,1I6,17 pin 18,19,21, 22,23, 24, 25,26} 


BurCOM node istype ‘com’; “COM Node is OK because fitter 
“automatically choose polarity. Note that if 
“the Reverse polarity is chosen, vectors may 
“failed due to the inversion (if this node is 
“simulated). In this case, simply add the ! to 
“the node label in the TEST_VECTORS 
“section would allow the node to be 
“simulated. 

BurREG node istype ‘reg d’; “Should promote this node to pin because 
“Default polarity equations are used for 
“all the registered nodes. 


OUTCOM pin istype ‘com’; “Fitter will choose polarity equations. 


OUTREG pin istype ‘reg d’; “Fitter will choose polarity equations as long 
“as the .D dot extensions are not used in the 
“equations. Do not use BUFFER as it will 
“force fitter to use only the Default polarity. 
“Default polarity will always be chosen for 
“REG T type register. If the Reverse polarity 
“is used, the Reset (power-up and 
“asynchonous) and Preset (asynchonous) 
“vectors may need to be changed. 


“CREATE BUSES 
Input = [I7..I10]; 
EQUATIONS 


“Default Polarity / Reverse Polarity 
BurCOM !(Input == 1); “ 8 p-terms / 1 p-term 
OUTCOM !((Input == 1) & BurCOM); “ 9 p-terms / 1 p-term 


“Default Polarity / Reverse Polarity 
BurREG := ! (Input == 1); “ 8 p-terms / 1 p-term 
BurREG.c = CLK; “If REG D type flip-flop, use the := 
BurREG.ar = RST; “instead of the .D so that the fitter 
“or fusemapper will choose Default 
“or Reverse polarity equations with 
“the fewest product-terms 


OUTREG := !((Input == 1) & BurREG); “ 9 p-terms / 1 p-term 
OUTREG.c = CLK; 
OUTREG.ar = RST; 


END; 


Figure 14. FITSOA Abel design example to allow fitter to choose Default or Reverse polarity equations 
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The chip assignments summary in Figure 15 shows that there uct term versus eight product terms in the Default equation). 
are four UR converters. A quick look at the FITSOA PLA opti- Using fitter hint 5, these UR converters could be eliminated by 
mized file (Figure 16) confirms that the Reverse polarity promoting the BurREG node to pin. 

equation of the BurREG node should be used (that is, one prod- 


Atmel P5000/P5100 fitter run on 8-Feb-94 03:17 PM. 


Fitting Device P5000. 

Fitter mode=KEEP 

Converting cluster BurREG pin feedback to registered feedback. 

Clust BurREG had 8 universals (possible 4) which needed patching. 

Universal element I0 was regiqnalized. 

Clust BurREG had 7 universals (possible 4) which needed patching. 

Universal element I1 was regionalized. 

Clust BurREG had 6 universals (possible 4) which needed patching. 

Universal element I2 was regionalized. 

Clust BurREG had 5 universals (possible 4) which needed patching. 

Universal element I3 was regionalized. 

Signal BurCOM inverted to get better term usage. <Reverse polarity 
equation used for Burcom> 


Overall Summary. 
Type Used Utilization 


Cell Usage 

Macrocells 6.25 ‘ (2.00 Wasted) 
Pins Usage 

Inputs 

Outputs 

IO 

Summary 


Chip assignments summary. 
Quadrant (1). 
CLK on 1 
RST on 2 
BurREG on 
OUTREG on 
OUTCOM on 
BurCOM on 
I0_UR_1 on 
I1_UR_2 on 
I2_UR_3 on 
I3_UR_4 on 
Quadrant (2). 
on 
on 
on 
on 
on 
on 
on 
on 
Quadrant (3). 
Quadrant (4). 


Figure 15. Original FITSOA fitter log file (no modifications) 
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Product Term Usage: 
Default Reverse Signal 
Polarity Polarity Signal 


BurCOM 
OUTCOM 


BurREG.REG 
BurREG.C 
BurREG.AR 
OUTREG.REG 
OUTREG.C 
OUTREG.AR 


Figure 16. FITSOA PLA Optimized file 


Atmel P5000/P5100 fitter run on 8-Feb-94 04:03 PM. 


Fitting Device P5000. 

Fitter mode=KEEP 

Converting cluster BurREG pin feedback to registered feedback. 
Signal BurCOM inverted to get better term usage. 


Overall Summary. 
Type Used Free Utilization 


Cell Usage 
Macrocells 12.29 4.9% (2.00 Wasted) 
Pins Usage 


Chip assignments summary. 
Quadrant (1). 
CLK on 1 
RST on 2 
OUTREG on 
BurREG on 
OUTCOM on 
BurCOM on 
Quadrant (2). 
IO on 
Il on 
I2 on 
I3 on 
I4 on 
I5 on 
I6 on 
I7 on 
Quadrant (3). 
Quadrant (4). 


Figure 17. FitSOA fitter log file (with promotion of BurREG node to pin) 


AIMET =0 


Almet 


Fitter Hint 6: Use the fitter option NO_FB_CONVERT 
to reduce the UR converters. 

In the default condition (that is, without the NO_FB_ CONVERT 
option), the ATV5000/ATV5100 fitter will automatically con- 
vert references of all registered output-only pins 
(non-three-statable output pins) so that any equations referenc- 
ing these signals will utilize their (regional) internal Q1 
registered feedbacks (via the Abel .FB extension) instead of 
the (universal) pin feedbacks (that is, feedbacks directly from 
the output pins). Refer to the ATV5000 macrocell configuration 
in Figure 9 of the ATV5S000 data sheet for more information on 
the feedback types. Which feedbacks you use is important be- 
cause the internal Q1 registered feedbacks are regional signals, 
and the pin feedbacks are universal signals. With most designs, 
utilizing the internal Q1 registered feedbacks will result in the 
optimal fitting efficiency. 


In the fitter log file of the Abel design example FITSO, the mes- 
sage “Converting cluster A pin feedback to registered 


module FIT50; 


feedback” means that the internal Q]1 registered feedback of the 
output A will be used for all equations referencing it. The fitter 
appends the . FB extension to all references of the output A. 


FIT50 Abel design example: 
Original Abel equation: B.D = (I & A); 


“A is registered output-only pin 
Fitter output equation: B.D = (I & A.FB); 


With the NO_FB CONVERT option enabled (specify 
NO FB CONVERT in the Alternate Fitter 
Strategy box in the Fit Options... command win- 
dow), the ATV5000/ATV5100 fitter disables the “registered 
feedback” conversions. This means that the fitter will not mod- 
ify the references of the registered output-only pins and will use 
the .FB, .Q, or .PIN (or no extension) feedback types speci- 
fied in the original Abel source file. By specifying the feedback 
types, you may be able to reduce the number of UR converters 
in your designs. 


title ‘Fitter example showing the use of NO FB CONVERT fitter option 
to minimize the Universal-to-Regional (UR) converters for the 


ATV5000 or ATV5100’'; 


“Use fitter option “KEEP" and “NO FB CONVERT” 


CLK pin; 
RST pin; 
pin; 


pin 4 istype ‘reg d,buffer’; 
pin 5 istype ‘reg d,buffer’; 
pin 6 istype ‘reg d,buffer’; 


node 774 istype ‘reg d,buffer’; 
pin 19 istype ‘reg d,buffer’; 


“Input Bus 
Regs = [A,B,C,D,E]; 


EQUATIONS 


“Output A forced to Quadrant 1 

“Output B forced to Quadrant 1 

“Output C forced to Quadrant 1 

“Output C requires the .FB feedbacks to be used in 
“some product terms because both A and B outputs are 
“in the same quadrant as output C. Output E is in 
“quadrant 2 so the last two product terms will be 
“universal regardless of whether .FB feedbacks are used 


“for B and C feedbacks. 


“Node D forced to Quadrant 2 
“Keep feedbacks A, B and C as universal product signals 
“(maximum universal product terms for a registered node 


"is 4), 


“Output E forced to Quadrant 2 


Figure 18. FIT50O Abel design example for illustrating the NO_FB_ CONVERT fitter option 
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Note: The NO FB CONVERT fitter option will only be effec- Figure 18 shows the Abel equations of the FITSO design exam- 


tive when registered nodes in one quadrant reference ple. To illustrate the NO_FB_CONVERT option, the KEEP fitter 
ao output-only pins located in other quad- option was used to force the fitter to place the output pins and 
rants. 


nodes in different quadrants (directed by the pin and node pre- 
assignments). 


Chip assignments summary. 

Quadrant (1). 

RST on 1 

CLK on 2 

A on 4 

Bon 5 

C on 6 
Quadrant (2). 

D on 774 

E on 19 

I on 32 

A_UR_1 on 179 

B UR _2 on 180 

C_UR_3 on 181 
Quadrant (3). 
Quadrant (4). 


Figure 19. Chip assignments summary of FIT50 without NO_FB_ CONVERT fitter option 


Chip assignments summary. 
Quadrant (1). 
RST on 1 
CLK on 2 
A on 4 
B on 5 
C on 6 
Quadrant (2). 
D on 774 
E on 19 
I on 32 
Quadrant (3). 
Quadrant (4). 


Figure 20. Chip assignments summary of FITSO with NO_FB CONVERT fitter option 
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Using the Programmable Polarity Control 


The output programmable polarity control 
in PLDs brings efficiency in logic reduction 
and control of output polarity to the cus- 
tomers. Unfortunately, it also brings confu- 
sion to customers who are not familiar with 
the software syntax to properly configure 
the output polarity. 


This application note shows the proper 
usage of the popular Abel™ and Cupl™ 
syntax to configure the output polarity of 
Atmel PLDs. 


Configuring Polarity with 
Atmel-Abel™ 4.x and 

Abel™ 4.x 

The optimization level best suited for 
Atmel PLDs is the default option — reduce 
by pin and auto polarity. This reduction 
level will take advantage of the polarity 
control when performing logic optimiza- 
tion one output at a time. This will override 
the ISTYPE ’NEG’ and ISTYPE ’POS’ 
used in Abel™ 3.x source files (check the 
user manual on backward compatibility for 
detail). Therefore, the NEG’ and ’POS’ ex- 
tensions are not recommended. 


The following examples have A, B, and C 
defined as inputs and OUT or !OUT as the 
output: 


Case 1: (Combinatorial - no ISTYPE 
definition) 

Declaration 

OUT pin 14; 

"assume 14 is an I/O pin 
equations 

OUT = A # B # C; 


In this case, the compiler will consider both 
Figure 1 (on-set) and Figure 2 (off-set) and 
automatically select the implementation re- 
quiring fewer product terms for the same 
function. The outcome is represented by 
Figure 2. Since Figures 1 and 2 are each 
DeMorgan equivalent of the other, either 
one is logically correct. 


Case 2: (Combinatorial - ISTYPE 
‘BUFFER’) 

Declaration 

OUT pin 14 ISTYPE 'buffer’; 
"assume 14 is an I/O pin 
equations 

OUT = A # B # C; 


In this case, the compiler will only consider 
the on-set because the ISTYPE BUFFER’ 
overrides the automatic selection. The out- 
come is represented by Figure 1. 


Case 3a: (Combinatorial - ISTYPE 
INVERT’) 


Declaration 
OUT pin 14 ISTYPE ‘’invert’; 
"assume 14 is an I/O pin 


equations 
OUT = A # B # C; 


In this case, the compiler will only consider 
Figure 2 (off-set) because the ISTYPE 
"INVERT’ overrides the automatic selection. 
The outcome is represented by Figure 2. 


Case 3b: (Combinatorial - no ISTYPE 
definition) 

Declaration 

!OUT pin 14; 

"assume 14 is an I/O pin 
equations 

OUT = A # B # C; 


The compiler would pick Figure 3 to imple- 
ment the logic because it takes fewer product 
terms. In Abel™ documentation, signals on 
the right side of the equation do not have “!” 
as part of their names. Abel™ preprocessor 
will remove the “!” from the pin name on 
the right side of the equation and replace all 
references on the left side with an addi- 
tional “!”. Logically, this does not change 
anything. It does, however, tend to create 
some confusion reading the .DOC files. In 
the source file, the user should still use 
whatever pin name is given in the declara- 
tion section. All references to the pin or .FB 
feedbacks will be adjusted by the software 
to reflect the changes automatically. 
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Case 3c: (Combinatorial - ISTYPE INVERT’) 


Declaration 

'OUT pin 14 ISTYPE ‘invert’; 
"assume 14 is an I/O pin 
equations 

OUT = A # B # C; 


The compiler would pick Figure 4 to implement the logic. 


For combinatorial equations, it is best to leave out the ISTYPE 
statement and let the optimizer choose the best DeMorgan 
equivalent implementation. 


ABC 
Figure 1. 
ABC 
Figure 2. 
Figure 3. ABC 
Figure 4, ABC 


Case 4: (Registered - no ISTYPE definition) Beware! 


Declaration 

OUT pin 14; 

"assume 14 is an I/O pin 
equations 

OUT.d =A # B # C; 
OUT.c = CLK; 

OUT.ar = ARI; 


The pre-processor will warn you for not specifying the ISTYPE 
of the output. In this case, the compiler will use the fewest prod- 
uct term implementation (Figure 6). This might not be what the 
user is expecting. 


Note: 

1. Figure 5 and Figure 6 do not produce identical results. In Fig- 
ure 5, at power up or after a reset, the output pin appears to be 
a “0.” Unlike Figure 5, Figure 6 powers up and resets to a “1” 
on the output. Preset and preload behave differently between 
the two as well. In some applications where power-up state 
of a register is not important and it never resets or presets, 
Figures 5 and 6 become identical. Only in this case are they 
logically equivalent. When using a registered output, always 
specify the ISTYPE desired. 
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Pin name 


(OUT) 


Pin name 


(OUT) 


Pin name 
(1OUT) 


Pin name 
(1OUT) 


Case 5: (Registered - ISTYPE 'BUFFER’) 


Declaration 
OUT pin 14 ISTYPE ‘buffer’; 
"assume 14 is an I/O pin 


equations 
OUT.d =A # 8B # C; 
OUT.c = CLK; 


OUT.ar = ARI; 


The compiler will only consider Figure 5 (on-set) because the 
ISTYPE ’BUFFER’ overrides the automatic selection. 


Case 6: (Registered - ISTYPE INVERT’) Be careful! 


Declaration 
OUT pin 14 ISTYPE ’invert’; 
"assume 14 is an I/O pin 


equations 
OUT.d =A # B # C; 
OUT.c = CLK; 


OUT.ar = AR1; 


The compiler will only consider Figure 6 (off-set) because the 
ISTYPE INVERT’ overrides the automatic selection (see Note 1 
on Case 4). 


i ce ise ae aka em crass 


Case 7: (Registered - ISTYPE BUFFER’) Confusing — 
don't use. 


Declaration 

'OUT pin 14 ISTYPE ‘’buffer’; 
"assume 14 is an I/O pin 
equations 

OUT.d =A #B # C; 

OUT.c = CLK; 

OUT.ar = ARI; 


The compiler will only consider Figure 7 (on-set) because the 
ISTYPE ’BUFFER’ overrides the automatic selection. 


ABC 
Figure 5. 
Figure 6. ABC 
Figure 7. ABC 
D 
Figure 8. ABC 


Case 8: (Registered - ISTYPE INVERT’) 


Declaration 
!OUT pin 14 ISTYPE ‘'invert’; 
"assume 14 is an I/O pin 


equations 

OUT.d =A #B #C; 
OUT.c = CLK; 
OUT.ar = AR1; 


The compiler will only consider Figure 8 (off-set) because the 
ISTYPE ’INVERT’ overrides the automatic selection. In 
Abel™ documentation, the pin name will be stripped of the “!”. 
It will replace all pin name references with an additional “!” on 
the right-hand side of the equations. 


Pin name 
(OUT) 


Pin name 
(OUT) 


Pin name 
(!1OUT) 


Pin name 
(!1OUT) 
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Configuring Polarity with Internal Nodes 
Internal nodes do not have programmable polarity control. Do 
not use any ISTYPE extensions. Think of it as “positive logic” 
only. 


Case 1: (Figure 9) 


Declaration 

OUT node 50; 

"assume 50 is an internal node 
equations 

OUT = A # B # C; 


Figure 9. 


Figure 10. 


Case 2: (Figure 10) 


Declaration 
OUT node 50; 
"assume 50 is an internal node 


equations 
OUT.d =A #B # C; 
OUT.c = CLK; 


OUT.ar = AR1; 


The above example is the only legal method of assigning 
equations to nodes. 
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Configuring Polarity with Cupi™ 

Note that Cup]™ has no “buffer/invert” ISTYPE statement. 
Output polarity is controlled by pin declaration versus equa- 
tion polarity. 

Case 1: (Combinatorial) 

PIN 14 OUTC; /* assume 14 is an I/O pin */ 
OUTC = A # B # C; 


The compiler would choose Figure 11. It does not choose the 
better DeMorgan equivalent automatically. If your equation 
does not fit, you should check to see if you can rewrite it as: 


PIN 14 OUTC; 

'OUTC = !A & !B & !C; 

Case 2: (Combinatorial) 

PIN 14 !OUTC; /* assume 14 is an I/O pin */ 
OUTC = A # B # C; 

The compiler would choose Figure 12. The difference between 
the pin declaration (!OUTC) and the equation name (OUTC) 
tells the compiler to have an inverter on the output and to imple- 
ment the equations as specified by the equation. 


Case 3: (Registered) 


PIN 14 OUTC; /* assume 14 is an I/O pin */ 
OUTC.d = A # B # C; 
OUTC.ck = CLK; 


The compiler would choose Figure 13. The pin name and the 
equation name are identical; the compiler does not place an in- 
verter on the output. 


Case 4: (Registered) 


PIN 14 !OUTC; /* assume 14 is an I/O pin */ 
OUTC.d = A # B # C; 
OUTC.ck = CLK; 


The compiler would choose Figure 14. The difference between 
the pin declaration (!OUTC) and the equation name (OUTC) 
tells the compiler to have an inverter on the output and to imple- 
ment the equations as specified by the equation. CupI™ main- 
tains the !OUTC on the pinout diagram documentation and 
equation name OUTC in the reduced equation portion of the 
documentation. 


Both Abel™ and CupI™ conventions for handling signal polar- 
ity have drawn praises and criticisms. Help on the software is 
readily available from Data I/O Corporation (Abel™), Logical 
Devices, Incorporated (CupI™), and Atmel. Don’t hesitate to 
call for help. 


Pin name 
(OUT) 
Pin name 
(OUT) 


Figure 11. ABC 
Figure 12. ABC 
Figure 13. ABC 
Figure 14, ABC 


Pin name 
(OUT) 


Pin name 
(OUT) 
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Atmel PLDs’ Architectures Simplify 
Timing Calculation 


Introduction 

This application note shows different graph- 
ical timing models that can help the user vi- 
sualize the A.C. timing of the various Atmel 
PLD families of devices. Because of their 
deterministic and path-independent delays, 
timing calculation becomes straight for- 
ward. 


Atmel PLDs have regular AND-OR archi- 
tecture which simplifies timing calculation. 
All the A.C. timing parameters are clearly 
stated in the data book. Even for complex 
designs it only takes a few minutes to calcu- 
late the delays by hand. 


If the design engineer has access to tools 
such as the Atmel-ViewPLD, he/she can 
easily predict the performance of the PLD. 
PLD software packages with timing simula- 
tion capabilities let the design engineer 
know the performance of the PLD im- 
mediately after the design is entered and 
check the results of the timing simulator and 
quickly modify the design to meet the sys- 
tem timing requirements. Atmel offers a 
complete design entry package called 
Atmel-ViewPLD that has such a timing 
simulator. 


Architectures/Timing Models 
The AT22V10 represents the classic 
PAL™ type architecture with the program- 
mable AND and fixed OR structure. A very 
small set of A.C. timing parameters can de- 
scribe all the delays that occur in the im- 
plementation of register and combinatorial 
logic as shown in Figure 1. 


For example, an output is described in the 
following Boolean equation: 


OUTPUT = AO & !Al & A2 # SELECT; 


AO, Al, A2, and SELECT can be inputs or 
I/Os and the delay will be simply the time 
for the signal to propagate from a pin 
through the AND-OR array, the macrocell, 
and to the output pin. This is described by 
the A.C. parameter tpp. 


The ATV750 and ATV2500, with more ad- 
vanced macrocells, maintain the same 
AND-OR structure as the AT22V10. Be- 
cause of this, they can also be described by 
the same AT22V10 timing model. Even 
when using the buried registers found in the 
ATV750 and ATV2500, the method of cal- 
culation for delays stays the same. For ex- 


Figure 1. AT22V10, ATV750, and ATV2500 Timing Model 
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ample, an Abel™ description of a binary counter may look like: 
COUNT.d = COUNT.fb + 1; 


The counter can be implemented using only the internal buried 
registers of the ATV750 or ATV2500. In this case the minimum 
cycle time will be equal to tcr (clock to feedback) + tsF (feed- 
back setup). See Figure 2. This is also equal to 1/(Fmax 
internal). 


Figure 3 shows the registered data path for a pin-to-pin delay, 
as might be described by output logic: 

REG A.d = Al & Bl & !C1; 

If Al, B1, and Cl are all signals from either input or I/O pins, 
then the minimum cycle time will be ts (setup time for input or 


I/O pin) + tco (clock to output) which is equal to 1/(FmMax 
external). 


Figure 4 shows how data propagates for a typical Mealy state- 
machine, in which the state bits are inputs to combinatorial 
outputs: 


COUNT.d = (COUNT.FB +1); 
FULL = (COUNT.FB == “HFF); 


Figure 2. 1/(FMAx internal) 


In this case, it will take FULL the delay of tcr + tpp to go from 
the rising edge of the clock driving the counter to the changing 
of FULL’s output value. 


Figure 5 is based upon Figure 1 with the addition of a few A.C. 
parameters to help describe the new features of the ATV5000 
and ATV5100. 


These devices have both synchronous and asynchronous modes 
of operation. With the addition of the synchronous clocking op- 
tion, the devices perform at a higher clock rate. The A.C. pa- 
rameters have either the suffix of “S” (synchronous) or “A” 
(asynchronous) to distinguish the two registered clocking 
options. 


Input latch setup and hold time are additional requirements 
when the latch is used. If the latch is bypassed, no delay is 
added. 


For these devices, the tpp parameter is broken down further to 
show different delay paths separately. Tpp1 and tpp2 are similar 
to the traditional tpp parameter. Tpp1 is the delay from any pin 
to any combinatorial output. Tpp2 is the delay from internal 
feedback nodes to a combinatorial output pin. 


Figure 3. 1/(FMAx external) 
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Tpp3 is the delay from a pin to an internal combinatorial 
feedback. 


Tpp4 is the delay from an internal feedback, through the 
AND/OR array, to an internal combinatorial feedback. 


The ATV5000 and ATV5100 Buried Logic Cells let the user 
configure internal combinatorial or registered feedbacks. Hav- 
ing a combinatorial feedback enables the designer to expand the 
logic without sacrificing any I/O pins. Also, the B sum term 
feedbacks in the ATVS000 and ATV5100 can take regional 
array inputs and make them available to other quadrants. 


Figure 4. Mealy Machine Delay Path 


The most straightforward way to determine the delays is to look 
at the documentation generated by PLD software after the de- 
sign has been reduced and fitted. If a reduced equation looks 
like: 

OUTA = WATCHDOG 


# Al & A2 & A3 
# C_OUT; 


“Product term 1 
“Product term 2 
“Product term 3 


1. Determine whether the logic is registered or combinatorial. 


2. Determine whether OUTA is an internal node or an output 
pin. 


Figure 5. ATV5000 and ATV5100 Timing Model 
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3. Find the source of each of the components that makes up 
the product terms. 


To analyze the various cases, let’s assume the following: 


1. OUTA is combinatorial. We will look at OUTA im- 
plemented on an output pin versus OUTA implemented on 
a combinatorial node. 


2. WATCHDOG is an internal registered node, Al through 
A3 are directly from the inputs, and C_OUT is an internal 
combinatorial node (this covers all signal sources). 


Table 1 summarizes the various timing requirements. 


Case 1 (Figure 6) is the typical Mealy state machine where the 
internal state registers are decoded to form a combinatorial out- 
put. The total delay from clock to output is tcF + tpp2. 


Case 2 is the pin-to-pin delay. The A.C. parameter for that is 
tPD1. 


Case 3 is an internal combinatorial feedback’s delay from the 
AND/OR array to the output pin: tpp2. 


Table 1. 


Case 1: tcr + tpp2 
Case 4: tcr + tpp4 


Combinatorial Output OUTA 
Combinatorial Node OUTA 


Figure 6. Typical Mealy State Machine 


Registered Feedback 
P.T. 1 


Case 4 is a “buried Mealy” where the internal state registers are 
decoded but not placed on an output pin. Instead the result is 
implemented on an internal combinatorial node where the logic 
is only useful internal to the design. 


Case 5 is the delay from pin to internal combinatorial feedback: 
tPD3. 


Case 6 is the delay from one internal combinatorial node to an- 
other internal combinatorial node. 


Conclusion 

The graphical representation of the A.C. timing models illustr- 
ate how simple it is to determine the performance of logic im- 
plemented in a Atmel PLD. Atmel complex PLDs, even with 
their high pin counts and advanced features, have simple timing 
calculation. They aren’t any harder to use than a common 
AT22V10. 


internal Combinatorial Node 
P.T.3 


Case 3: tpp2 
Case 6: tpp4 


input from Pins 
P.T. 2 


Case 2: tpp1 


Case 5: tpp3 


PAL™ and Abel™ may be registered trademarks of others. 


CMOS PLD 
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ATV2500 Application Example: 
Video Frame Grabber 


Introduction 

This application note shows how the 
ATV2500 can be used to incorporate multi- 
ple control or logic functions into a single 
programmable logic device. The design ex- 
ample which is used is a simple NTSC video 
frame grabber. The AT V2500 is used to gen- 
erate all of the control and addressing for the 
frame grabber. The application note includes 
a description of the frame grabber design 
and implementation using the ATV2500. 
The Abel™ source code for the ATV2500 is 
included for reference and is also available 
from the PLD applications group on floppy 
disk. 

ATV2500 Description 

The ATV2500 is a high density programma- 
ble logic device which features 24 I/O pins 
and 14 input-only pins. Each I/O pin is asso- 
ciated with a logic macrocell (see Figures 1 
and 2). The output can be configured as 


Figure 1. ATV2500 Output Logic, 
Registered “!) 


either combinatorial or registered. Each 
macrocell contains two flip-flops, 12 
product terms which can be split into three 
separate sum terms, and an output enable. 
Each flip-flop has a clock term and an asyn- 
chronous reset term. Groups of four or eight 
flip-flops each have a common synchronous 
preset product term. 


Each macrocell has a feedback path from the 
pin and from each register. This makes it 
possible to bury both registers and use the 
pin for either a combinatorial output or an 
input pin. A global bus routes all pins and 
register feedbacks to every logic cell. 


Frame Grabber Design 
Considerations 

The basic idea behind a frame grabber is to 
sample and store a frame of video data. Once 
the data is stored, it can be re-displayed, en- 
hanced or saved to a file. In this example, the 
input video signal is converted with an A/D 


Figure 2. ATV2500 one Logic, 
Combinatorial “ 


=~see nomena 


Note: 1. This diagram shows equivalent logic functions, not necessarily the actual circuit 


implementation. 
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converter and stored in RAM. To display the buffered data, the 
RAM addresses are cycled and the data is converted back to a 
video signal through a D/A converter. 


Video Basics 

The NTSC (National Television Standards Committee) com- 
posite video signal is the standard used by most television and 
video systems in North America. The signal is composed of 
four components: luminance (brightness), chrominance (color), 
audio and synchronization. An NTSC video image or frame is 
composed of 525 scan lines. Each frame is actually divided into 
two fields of 262.5 scan lines which are interlaced. The fields 
start with a vertical sync period followed by the scan lines (see 
Figure 3). Each scan line consists of a horizontal sync period, 
color burst and video information (see Figure 4). 


Timing 

The frame grabber samples the entire video frame, including the 
horizontal and vertical sync periods. Then, in order to generate 
a video image from the stored data, the data is simply converted 
back to an analog signal at the same rate it was sampled. 


The refresh rate for each field is 59.94 Hz (16.683 ms per field), 
which means the refresh rate for the whole frame is 29.97 Hz 
(33.366 ms per frame). The number of bits in each sample and 
the sampling frequency determine the resolution of the recon- 
structed video image. An 8-bit sample size was chosen for this 
example since 8-bit A/D converters are readily available. An 
8-bit sample size will allow 256 levels of intensity, which is 
plenty for the purposes of this design. In order to generate a 
reasonable image, the sample frequency should be at least twice 
the NTSC color burst frequency of 3.579545 MHz. A sample 
frequency of 7.5 MHz was chosen, which is a little more than 
twice the color burst frequency. 


The total number of samples required for each frame will be 
253245 (7.5 MHz x 16.683 ms x 2). 


Figure 3. Field Timing 


Interface 

The user interface consists of a single button. When the button 
is depressed, the frame grabber will pass the video signal 
through to the output. When the button is released, the data is 
sampled. The converted video signal is monitored to detect a 
vertical sync. Once the vertical sync is detected, 253245 sam- 
ples from the video input are stored. Following the sampling, 
the addresses are continuously cycled creating a frozen image. 
The captured frame will be displayed until the button is de- 
pressed again, causing another frame of data to be sampled and 
stored. 


It is not necessary to start sampling during the vertical sync pe- 
riod since 253245 samples will contain an entire frame. As the 
addresses are cycled, the vertical sync portion of the video sig- 
nal will be generated every 16.683 ms. However, if the data 
were used for any purpose other than just display, it would be 
more convenient to have the data start at a known point in the 
video signal. 


Frame Grabber Implementation 

The schematic for the frame grabber is shown in Figure 5. The 
three basic functions are: D/A and A/D conversion, control and 
address generation, and storage for the sampled data. 


For the A/D and D/A conversions, the Samsung KSV3100A 
was selected. It has both an 8-bit A/D converter and 10-bit D/A 
converter, along with the necessary pre-amplifier and input 
clamping circuit in a single device. The KSV3100A device is 
connected as in the recommended operating circuit in the data 
sheet. The 7.5 MHz system clock is used as the clock for both 
the A/D and D/A conversions. 


The ATV2500 is used to implement all of the control and ad- 
dresses for the frame grabber. The functions include a vertical 
sync detector, a control state machine and a RAM address 
counter. It receives the mode signal from the switch, the 8-bit 
data bus from the A/D converter and the 7.5 MHz system clock 
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signal. It generates the bus control signals and 18-bit address for 
the RAM. 


A 256K x 8 static RAM module is used for the frame buffer 
memory. A write enable signal from the controller allows the 
converted data to be stored in the RAM during sampling. An 
output enable signal is used to enable/disable the RAM onto the 
data bus. External buffers are used to enable the data from the 
output of the A/D back into the D/A when the video signal is 
passed through or the data is being sampled. 


ATV2500 Control and Address Functions 

The ATV2500 is used to implement the control and address 
functions. These include a vertical sync detector, a control state 
machine and the RAM address counter. Figure 6 shows a block 
diagram of the ATV2500 functions. 


Figure 5. Frame Grabber Schematic 
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Vertical Sync Detector 

During the horizontal and vertical sync periods, the signal drops 
to a sync level which is lower than any other portion of the sig- 
nal. This level will be clamped in the A/D converter and will 
become the zero value when it is converted. The horizontal sync 
pulse is about 4.7 tis, which will correspond to about 35 sam- 
ples. The entire vertical sync period is 20 times the horizontal 
scan width. Within that period, there are pulses of around 31 ms 
when the signal is at the sync level. Each of these pulses will 
correspond to about 238 samples. 


The vertical sync detector is a 7-bit counter which will count 
every sample with a zero value. If it counts 128 such samples, 
then it has detected one of the pulses in the vertical sync period. 
The counter is divided into two parts, so that the maximum 
number of product terms required for any count bit is four. A 
carry bit from the first stage is used to enable the second stage. 


256K x 8 
RAM 


A17-0 
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The counter will increment whenever the input data is zero. A 
non-zero value will cause the counter to reset. When the count 
reaches 127, the VS signal is asserted. 


State Machine 

A state machine generates internal control for the address gen- 
eration and external control signals for the RAM. The state dia- 
gram is shown in Figure 7. When the MODE input changes, 
indicating that the frame grabber should sample a new frame, 
the state machine waits for the VS signal. After the vertical sync 
is detected, it sets up the control signals to write the sampled 
data for the entire frame. When the address counter reaches the 
correct number of samples, the state machine changes the con- 
trol signals to read the sampled data. The addresses are cycled 
so that the sampled frame is continuously displayed. 


Address Counter 

The address counter is controlled by the INCAD control signal 
from the state machine. If the INCAD signal is asserted, the 
address will increment until the counter reaches the final ad- 
dress for the correct number of samples. When the INCAD sig- 
nal is not asserted, or the final address is reached, the counter 
resets to 0. The 18-bit address counter is broken into two 9-bit 
stages, so that the maximum number of product terms required 
for each count bit is less than 12. A carry from the first stage is 
used to enable to second stage. 


Resource Allocation 

The address counters use registered I/O pins in the ATV2500. 
The MSBs of each stage of the counter have more than eight 
product terms, so they require an entire macrocell. The LSBs of 
each stage use less than eight product terms, so a buried register 
is available in each of those macrocells (see Figure 1). The con- 
trol bits generated by the state machine use combinatorial out- 


Figure 6. ATV2500 Function Block Diagram 


VERTICAL 
SYNC 
DETECT 


re 


RAM_WE 
CONTROL 


STATE 
MACHINE 


RAM 
ADDRESS 


CMOS PLD 


5-118 


puts with less than four product terms, so two buried registers 
are available in each of those macrocells (see Figure 2). The 
state bits and vertical sync detect counter bits are assigned to 
available buried registers. 


Assignment of the I/O pins is only dependent on the board lay- 
out, since there are no signal routing limitations in the 
ATV2500. Buried logic can be assigned to any available re- 
sources. Table 1 shows a worksheet used to allocate the logic 
functions in this application to the ATV2500 resources. The 
shaded boxes indicate resources which are used by another sig- 
nal generated in the same macrocell. The empty boxes indicate 
available resources. In this design, four input pins, one I/O pin 
and associated macrocell plus 13 additional buried registers are 
available for expansion or design changes. 


Notes on Test Vectors 


In order to test that the address counter rolls over at the correct 
count, more than 253245 test vectors would be required, which 


Figure 7. Controller State Diagram 


POWER-UP 


ADDRTC = 1 


MODE = 0 
Note: Outputs: RAMWE, RAMOE, ADOE, INCAD 


far exceeds the number of vectors allowed in Abel™. There are 
a few ways to get around this problem. 


The first method is to use the register preload function in 
PLASIM™, The counter can be preloaded with a count near to 
the maximum count, and then allowed to roll over. However, 
since JEDSIM™ does not support the preload function the 
JEDEC file is not checked. 


Another method is to change the terminal count value to a 
smaller value, so that the counter would reach the terminal 
count in fewer vectors. Since the equations are altered, this 
method could only be used for Abel™ simulation. 


A third method is to use the register synchronous presets to load 
the counter. This is the method that was used in this design. The 
registers which use the preset are allocated to the same 
ATV2500 synchronous preset groups. A spare input pin 


Table 1. ATV2500 Pin/Node Assignment Worksheet Example 


(PRELD) is used to control the preset in the test vectors. Using 
this method, the vectors can also be used on the programmer. 


Summary 

In this example, the address and control functions are greatly 
simplified by using a single complex programmable logic de- 
vice. The ATV2500 is ideal for this application since it has 
enough inputs to accept the control and data signals, and the 
necessary I/Os to generate the RAM addresses and control. The 
ability to combine or separate the sum terms in each macrocell 
allows for maximum usage of the available resources. The func- 
tions which require large numbers of product terms do not have 
to be split into smaller pieces. The functions which require 
fewer numbers of product terms do not waste an entire macro- 
cell. The leftover buried logic in those macrocells can be used 
for the control state machine and the vertical sync detector. 


ANIMES 


Abel™ Source Code 


module CONTROL ; 

title ‘Application example for the ATV2500 - Frame Grabber Controller 
Atmel Corporation PLD - (408) 436-4333 PLD Applications Hotline 

Wendey Mueller - January 10, 1992’ 


CONTROL device '’P2500'; 


CLK, MODE pin 1,2; "system clock and mode signal from button 

DO, D1,D2,.D3 pin 17,18,19,20; “digitized video signal from A/D 
D4,D5,D6,D7 pin 21,22,23-31% 

AO,A1,A2,A3,A4 pin 4,5,6,7,8 istype 'reg,buffer’; "RAM address outputs 
A5,A6,A7,A8,A9 pin 9,13,14,11,15 istype 'reg,buffer’; 
A10,A11,A12,A13,A14 pin 12,24,25,16,26 istype ‘'reg,buffer’; 

A15,A16,A17 pin 27,28,29 istype ‘'reg,buffer’; 

RAMWE , RAMOE pin 32,33 istype 'com,buffer’; "RAM control signals 
ADOE, INCAD pin 34,35 istype ‘'com,buffer’; “address counter control 
VS pin 31 istype 'com,buffer’; "vertical sync detected 
ADCARRY, SYNCARRY node 52,45 istype ‘'reg,buffer’; “counter carry signals 
ENDFR node 51 istype 'reg,buffer’; “end of frame detected 
ST0,ST1 node 59,60 istype 'reg,buffer’; “state bits 


SYNCO,SYNC1,SYNC2 node 41,42,43 istype 'reg,buffer’; 

SYNC3,SYNC4,SYNC5 node 44,46,49 istype ‘'reg,buffer’; "vertical syne detect 
SYNC6 node 50 istype ’reg,buffer’; "counter 

"Use spare input pin as preset signal for testing counter 

PRELD pin 3; 

Cy X%, 2; H,;L,P = «Cap ong «Bap 150; oP af 


"Create buses 


DATA = [D7..D0]; "data bus 

ADDR = [Al7..A0]; “address counter 

ADDRA = [A8..A0]; “address counter LSB 

ADDRB = [A17..A9]; “address counter MSB 

SYNC = [SYNC6..SYNCO]; “vertical sync detect counter 
SYNCA = [SYNC3..SYNCO]; "vertical sync detect counter LSB 
SYNCB = [SYNC6..SYNC4]; "vertical sync detect counter MSB 
STMACH = [ST1,STO]; "state bits 


"Define states 


SO = [0,0]; 
Si = -[0,1}3 
S2. = [1,0)+; 
sa = [1,1] 
EQUATIONS 


"256K address counter - increment when INCAD is true and address 
s has not reached end of frame, otherwise reset 


ADDRA.D = ((ADDRA.FB + 1) & INCAD & !ENDFR); "LSB stage 
ADDRA.CK = CLK; 


ADCARRY.D = (ADDRA.FB == 510); “synchronous carry bit from lst stage 
ADCARRY.CK = CLK; 
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ADDRB.D = ((ADDRB.FB + 1) & INCAD & !ENDFR & ADCARRY) "MSB stage 
# (ADDRB.FB & INCAD & !ENDFR & !ADCARRY); 
ADDRB.CK = CLK; 


ENDFR.D = (ADDR.FB == 253243); “set ENDFR when address reaches 253243 
ENDFR.CK = CLK; 


"Use synchronous preset to simplify testing the address counter by 
"preloading it with a value close to the last address. 


Al7.SP = PRELD; 
Al6.SP = PRELD; 
A15.SP = PRELD; 
Al4.SP = PRELD; 
A1l2.SP = PRELD; 
Al1.SP = PRELD; 
Al0.SP = PRELD; 
A8.SP = PRELD; 


"Vertical sync detect counter - increment if data is 0, otherwise reset 


SYNCA.D = (SYNCA.FB + 1) & (DATA == 0); "LSB stage 
SYNCA.CK = CLK; 


SYNCARRY.D = (SYNCA.FB == 14); “synchronous carry bit from lst stage 
SYNCARRY.CK = CLK; 


SYNCB.D = (SYNCB.FB + 1) & (DATA == 0) & SYNCARRY "MSB stage 
# SYNCB.FB & (DATA == 0) & !SYNCARRY; 
SYNCB.CK = CLK; 
VS = (SYNC.FB == 127); “set vertical sync detected bit if count reaches 128 
STMACH.CK = CLK; 
"State Machine Controller - 


"Inputs: MODE,VS,ENDFR 
“Outputs: RAMWE, RAMOE, ADOE, INCAD 


STATE DIAGRAM STMACH 


STATE SO: "Reset, live video 

RAMWE = 1; 

RAMOE = 1; 

ADOE = 0; 

INCAD = 0; 

IF (MODE) THEN S1 "If capture mode, go to state l 

ELSE SO "else wait for mode change 
STATE S1: "Wait for vertical syne signal 

RAMWE = 1; 

RAMOE = 1; 

ADOE = 0; 

INCAD = 0; 

IF (VS) THEN S2 "Vertical sync detected, start sampling data 

ELSE Sl "else wait for vertical sync 
STATE S2: "Sample video data 

RAMWE = 0; 

RAMOE = 1; 

ADOE = 0; 

INCAD = 1; 
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IF (ENDFR) 
ELSE S2 
STATE S3: 
RAMWE = 1; 
RAMOE = 0; 
ADOE = 1; 
INCAD = 1; 
IF (!MODE) 
ELSE S3 


@RADIX 16; 
@CONST ACNT 
@CONST SCNT 


TEST VECTORS ( 


THEN S3 


THEN SO 


1; 
0; 


[CLK, MODE, DATA, PRELD] 


[SYNC, VS, STMACH, RAMWE, RAMOE, ADOE, INCAD, ADDR, 


AIMEt 


"Frame capture complete 
"else continue sampling 


"Display frame data 


"Reset, display live video 
“else continue to display frame data 


ENDFR] ) 


"check that the vertical sync detector resets if data is not 0 and set mode 
"to start sample and display sequence 


[ 0, 0, 0, 
[C, 0, 9, 
(Cc, 0, Il, 
[ C, 1, 1, 


0 } 
0 ] 
0 ] 
0 ] 


"simulate vertical sync 


@REPEAT 7E { 
@CONST SCN 
{c, 1 
[c, 1 
{[c, 1 
[c, 1 


‘i 

0, 
0, 
0, 
0, 


"state machine has detected vertical sync and started 


@REPEAT OFE { 


SCNT + 1; 


0 


] 
0 ] 
0 ] 
0 ] 


@CONST ACNT = ACNT + 1; 


[ C, l, l, 
[ C, l, l, 
[c, 1, 1, 


0 


0 


[00, 0, 
(01, 0, 
(00, 0, 
[00, 0, 
[SCNT,0O, 
(7F, 1, 
(00, 0, 
(01, 0, 


(00, 0, 
[00, 0, 
(00, 0, 


0, Ly Ly 0, 0, 00000,0 
0, 1, l, 0, 0, 00000,0 
0, ly l, 0, 0, 00000,0 
l, 1, 1, 0, 0, 00000,0 
1, 1 ks 0, 0, 00000,0 
1, 1, le 0, 0, 00000,0 

; 0, 1; 0, La 00000,0 
2; oF Ly 0, Li 00001,0 

sampling. 

2 0, ly 0, i; ACNT, 0 
2, Dy Le 0, 1, 00100,0 
2 iy iv 0, Le 00101,0 


"Use preset to preload a count value near the largest address value. 


[ C, 1, 1, 
(Cc, 1, 1, 


"Allow counter to reach the largest address and roll over. 


1 ] 
0 ] 


(00, 0, 
(00, 0, 


2s 0, le O, 1, 
2, 0, 1, 0, l, 


3DD02,0 
3DD03,0 


"then changes controls to display sampled data. 


@CONST ACNT = 
@REPEAT 037 { 
@CONST ACNT = 
[ Cc, 
[ C, 


¢ ’ 
Lf 


= = = = 
PRPrRPrP PP 
= - = = 


= = = - 
OQ 
= 
PRR ee Ee 


= 


3DD03; 


0 


] 
] 
] 
] 
] 
] 


oo°oco°o 


ACNT + 1; 


(00, 
(00, 
(00, 
(00, 
[00, 
(00, 


= 


= = = = 


ooo0oeo79c oOo 


- 


2, 0, 1, 0, 1, ACNT, 0 
2, 0, 1, 0, 1, 3DD3B, 0 
2, 0, 1, 0, 1, 3DD3C,1 
3, 1, 0, 1, Ls 00000,0 
3, 1, 0, 1, l, 00001,0 
3, 1, 0, l, 1, 00002,0 


Abel™, JEDSIM™, and PLASIM™ may be registered trademarks of others. 
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ATV5000 Application Example: 
DMA Controller 


Introduction 

This application note shows how the 
ATV5000 complex programmable logic 
device can be used to implement a simple 
DMA Controller. It includes a description 
of the DMA controller function and the im- 
plementation using an ATV5000. The 
Abel™ source code is included for refer- 
ence, and is also available from the factory 
on floppy disk. 

A Direct Memory Access (DMA) control- 
ler is a peripheral device used in a CPU sys- 
tem to perform block data transfers between 
memories and I/O devices. It generates the 
addresses and control necessary to perform 


Figure 1. Internal Block Diagram 


the transfer. The DMA controller improves 
system performance by transferring data di- 
rectly between devices instead of using the 
CPU. 


The ATV5000 is a high-density program- 
mable logic device, featuring 52 I/O logic 
cells and 128 flip-flops. This application takes 
advantage of the buried registers to store 
and increment or decrement the addresses 
and word count. The counters are easily 
implemented with minimal logic by using 
T-type registers. The high I/O count can easily 
accommodate the 16-bit bi-directional data 


and address buses. 
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DMA Controller Description 

The DMA controller is used to transfer blocks of data between 
system memory and other memory or I/O devices. Figure 1 
shows the basic block diagram for the DMA controller. The in- 
terface to the CPU consists of an address bus, a data bus, and 
some control signals. These signals are used by the CPU to load 
initialization data into the DMA controller registers. When the 
DMA controller is granted control of the buses, the same signals 
are used to transfer the data. This example uses i386™ type bus 
control signals. Figure 2 shows how this DMA controller would 
be used in a CPU system. 


The transfer is initiated when the CPU loads the starting source 
and destination addresses, word count, and control word into 
the DMA controller registers. The external device asserts the 


Figure 2. System Block Diagram 


DMA request signal to request a DMA. The DMA controller 
then requests control of the system buses and control signals. 
When the CPU grants the bus request, the DMA controller ac- 
knowledges the DMA request and starts the DMA. 


The data is read in on the data bus and then latched and written 
back out. The source address or destination address is multi- 
plexed onto the address bus during the read cycle or write cycle. 
The system bus control signals are used by the DMA controller 
as control signals for the memory or I/O device. The DMA 
controller transfers the requested number of words and then 
relinquishes bus control. The DMA cycle timing is shown in 
Figure 3. 
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Figure 3. DMA Timing 
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ATV5000 Description 

The ATV5000 is 68-pin high-density programmable logic de- 
vice, which features 52 I/O pins and eight input-only pins. Each 
I/O pin is associated with a logic macrocell (see Figures 4, 5, 
and 6). Each macrocell has an input latch, two flip-flops, 13 
product terms which can be split into three separate sum terms, 
and an output enable term. The I/O pin can be driven with either 
a combinatorial or registered output. Each flip-flop has a clock 
term, asynchronous reset term, and asynchronous preset term, 
and can be configured as either a D-type or T-type flip-flop. 


In addition, there are 24 buried logic cells (see Figure 7). Each 
buried logic cell can be configured as registered or combinatorial. 


Figure 4. Logic Cell, Two Buried Registers, Combinatorial 
to I/O Cell 


If registered, each flip-flop has a clock term, asynchronous reset 
term, and synchronous preset term, and can be configured as a 
D-type or T-type flip-flop. 

The ATV5000 is divided into four quadrants with 13 I/O 
macrocells and six buried logic cells each (see Figure 8). A 
universal bus routes signals to all four quadrants, and a regional 
bus routes signals within each quadrant. The regional buses 
contain the true and false feedback signals from each register, 
from the buried logic cells, and from the eight input-only pins. 
The universal bus contains the regional bus inputs plus the true 
and false signals from each I/O pin. 


Figure 5. Logic Cell with Combinatorial Sum Terms, 
Register to I/O Cell 
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Figure 6. I/O Pin Logic Figure 7. Buried Logic Cells 
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Figure 8. ATV5000 Block Diagram 
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DMA Controller Implementation 

The DMA controller consists of three basic functions: system 
interface, internal address and word counters, and a state ma- 
chine controller. 


System Interface 

The system interface consists of a 16-bit bi-directional data bus, 
a 16-bit bi-directional address bus, bi-directional bus control 
signals, and handshaking signals to request bus control. 


The data and address buses are assigned to I/O pins in the 
ATV5000. When the CPU controls the system buses, the buses 
are used as inputs to receive initialization data. When the DMA 
controller controls the system buses, the buses are bi-direc- 
tional. The data bus is tri-stated while the source data is read and 
registered, and then enabled to write the data to the destination. 
The address bus outputs are enabled and multiplex the source or 
destination address onto the bus. 


The CLK and RST signals are the CPU system clock and reset 
signals. The CLK signal is used as the clock for all registers, so 
that all data transfers are synchronized to the system clock. The 
CS_ selects whether the DMA controller is being addressed for 
initialization. Both signals are assigned to input pins in the 
ATV5000, so that the signals are available on the regional buses 
in all quadrants. 


The M/IO and R/W signals are used to control the bus activity. 
For initialization, the R/W signal enables a write and the LSB 
bits of the address bus are decoded to select which register is to 
be accessed. During a DMA transfer, the M/IO selects the 
source or destination as an I/O device or a memory and the R/W 
signal selects either a read or write operation. Both signals are 
assigned to I/O pins in the ATV5000, since they are used as 
inputs during initialization and outputs during a DMA cycle. 


There are two sets of handshaking signals: the DMA request 
and acknowledge (DREQ and DACK), and the bus request and 
acknowledge (HOLD and HLDA). The DREQ and HLDA are 
assigned to input pins in the ATV5000. The HOLD and DACK 
signals are assigned to I/O pins in the ATV5000, since they are 
signals output by the controller. 


Address and Word Counters 

The address and word counters store the starting addresses, 
transfer word count, and command word. All use buried regis- 
ters in the ATV5000, since the data does not need to be directly 
output. The registers are used as counters which load and then 
increment or decrement. The load and count functions are con- 
trolled by the bus control signals and the state machine. 


The registers are configured as T-type flip-flops, so that a min- 
imum number of product terms are required to implement the 
counter functions. Loading is accomplished by XORing the 
output of the register with the load data, causing the T flip-flop 
to toggle if the data does not match. 


The outputs of the address registers are multiplexed onto the 
address bus to provide source and destination addresses for the 
DMA transfer. After each transfer, the addresses are incre- 
mented and the word count is decremented. When the word 
count reaches zero, the DONE signal is sent to the state ma- 
chine, indicating that the transfer is complete. 


The command word is decoded and used by the state machine 
to determine what type of DMA will be performed. The data is 
only used by the state machine, so it can be stored in buried 
registers in the ATV5000. The word consists of three bits: two 
bits which indicate whether the source and destination are 
memory or I/O devices, and a third bit which enables the DMA 
to start. After the DMA is complete, the enable bit is reset. 


State Machine 

A state machine provides all of the internal and external control 
signals for the DMA transfers. It also performs the handshaking 
for bus access and DMA requests. Figure 9 shows the state 
diagram for this machine. 


The state machine starts in a reset state where it waits for the 
CPU to initialize a DMA. The next three states perform the 
handshaking to request bus control and start the DMA. A two- 
state loop is used to transfer each word. The first state reads the 
source data and the second state writes the destination data. 
When the DONE bit indicates that the DMA is complete, the 
state machine branches back to the reset state to wait for an- 
other DMA request. 


The RST signal will reset the state machine and abort the DMA. 
If bus control is revoked (HLDA is de-asserted) during a DMA, 
the state machine relinquishes bus control, suspends the trans- 
fers, and then completes the DMA when bus control is granted 
again. If the DMA request is removed (DREQ is de-asserted) 
during a DMA, the DMA controller will terminate the DMA 
and wait for another request. 


The state bits can be assigned to buried registers in the 
ATV5000, since they are only used internally. The external 
control signals are assigned to registered I/O pins in the 
ATV5000. The internal control signals are also assigned to reg- 
istered I/O pins so that they can be fed back universally in the 
ATVS5000. 
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Figure 9. State Diagram 


DREQ =0 


5 
VO DEVICE 
WRITE 


HLDA =0 


0 
WAIT FOR 


EN=0 OR 
RESET = 1 


EN =1 


EN=0 OR 
RESET = 1 


1 
WAIT FOR 


REQUEST }  |pREQ =0 


EN=0 OR 
RESET = 1 


DREQ = 1 


2 
REQUEST 
BUS 
CONTROL } | HLDA =0 


RESET = 1 


ACKNOW. 
SM_lO =0 
M_IO =0 SM_IO = DM_1O =0 
DM_IO = DM_lO =1 
6 8 10 FROM ALL STATES: 
VO DEVICE MEMORY VO DEVICE RESET TO 
READ READ READ STATE 0 
°] 11 : 
MEMORY VO DEVICE ae ane 
WRITE WRITE STATE 0 
HLDA = 0 HLDA = 0 HLDA =0 
TO TO TO 
STATE STATE STATE 
2 2 2 


5-128 AYE) 7 err mem Se WS RGR Ne esc caaR 


ee ee ee 


ATV5000 Resource Allocation 

The goal in allocating functions to the available resources in the 
ATV5000 is to group functions which interface each other into 
the same quadrant. This will minimize the number of signals 
which must be routed on the universal bus and minimize the 
number of universal product terms required for each logic func- 
tion. Within a quadrant, the I/O pins and associated logic are 
assigned first, and then any remaining buried resources can be 
assigned. 


In this application, the address and data bus interfaces and the 
address and word counters would ideally be located in the same 
quadrant. This would minimize the universal bus routing and 
allow the counters to use buried registers. Since there are not 
enough resources in each quadrant to fit that much logic, the 
functions must be divided into smaller pieces. Figure 10 shows 
how the logic for this application is divided and allocated into 
quadrants. 


The buses and counters are “bit-sliced” to create logic blocks 
which fit into each quadrant. The counters are divided by creat- 
ing stages with a look-ahead carry in between. The first quad- 
rant contains five bits of the data and address buses, five bits of 
each of the counters, and a carry bit from each counter. The 
second quadrant contains the next five-bit section and the third 
quadrant contains the last six-bit section. The carry bits are 
routed on the universal bus to the next quadrant. The state ma- 
chine and command register are allocated to the fourth quad- 
rant. The internal control signals generated by the state machine 
are routed on the universal bus to all quadrants. 


Each of the counters would normally require three universal 
product terms for the load and count functions, since the control 
signals are universal. This would mean that each of the counters 
needs two sum terms in each logic cell. To avoid this, a regional 
load control signal was created in each quadrant for each of the 
counters, using the buried logic cells. Two of the counters uni- 
versal product terms then become regional product terms, and 
the counters only require one sum term. 


Each bit of the address bus is assigned to a combinatorial I/O 
pin. Each of those logic cells has two buried registers available, 


which are used for the address counters. The logic cell config- 
uration is shown in Figure 4. Each bit of the data bus is assigned 
to a registered I/O pin. Each of those logic cells has an addi- 
tional buried register available, which is used for the word 
counter. The carry bits for the counters are assigned to regis- 
tered I/O pins so they can be routed universally. 


The four state bits required seven, ten, four, and four product 
terms. In order to provide seven product terms, the first state bit 
was assigned to a registered I/O pin and allocated two sum 
terms. The other available register in that logic cell was as- 
signed to one of the state bits which only required four product 
terms. The logic cell configuration is shown in Figure 5. The 
state bit which required ten product terms was assigned to a 
registered I/O pin and allocated all three sum terms. The control 
signals from the state machine (both internal and external) were 
assigned to registered I/O cells. The other available buried reg- 
isters in those logic cells were assigned to the remaining state 
bit and the command register bits. 


This application uses five input pins, 49 I/O pins and 86 flip- 
flops. There are three input pins left unassigned. Quadrants 1 
and 2 each have three buried registers and three buried logic 
cells left unassigned. Quadrant 3 has one buried register and 
three buried logic cells left unassigned. Quadrant 4 has three 
I/O logic cells, four buried registers, and six buried logic cells 
left unassigned. 


The equations and pin and node assignments used to implement 
the design are given in the Abel™ source file at the end of this 
application note. 


Summary 

This example shows how the ATV5000 can be used to imple- 
ment a complex function. The DMA controller design uses 
many of the features of the ATV5000. It requires a few dedi- 
cated input pins and a large number of I/O pins. The internal 
counters and control can use the buried logic without sacrific- 
ing I/O pins. The design which is presented is a simplified 
DMA controller, and is meant to show the basic functions. The 
interface and timing can be tailored to a particular CPU system. 
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Figure 10. Resource Allocation 
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Abel™ Source Code 


module DMAC ; 

title 'DMA Controller - Example for the ATV5000 

Atmel Corporation PLD - (408) 436-4333 PLD Applications Hotline 
Wendey Mueller - Sept. 15, 1992’ 


DMAC device 'P5000’; 


CLK,CS_,RST pln 1,2; 32% 

HLDA, DREQ pin 34,353 

DO,D1,D2,D3 pin 4,5,6,7 istype ‘reg d,buffer’; 
D4,D5,D6,D7 pin 8,18,19,21 istype ‘reg d,buffer’; 
D8,D9,D10,D11 pin 22,23,38,39 istype ‘reg d,buffer’; 
Di2,D13,D14,D15 pin 40,41,42,43 istype ‘reg d,buffer’; 
AO,Al1,A2,A3 pin 9,10,11,12 istype 'com,buffer’ ; 
A4,A5,A6,A7 pin 13,24,25,26 istype 'com,buffer'; 
A8,A9,A10,Al11 pin 27,28,44,45 istype 'com,buffer’; 
Al2,A13,A14,A15 pin 46,47,48,49 istype 'com,buffer’; 
R_W,M_IO pin 55,56 istype ‘reg d,buffer’; 

HOLD, DACK pin 57,58 istype ‘reg d,buffer’; 

STO,ST1 pin 52,53 istype 'reg d,buffer’; 

ST2,ST3 node 160,162 istype ‘reg d,buffer’; 

EN, SM_I0,DM_IO node 163,164,165 istype 'reg d,buffer’; 
DMA_EN, BUS_OE pin 59,60 istype ‘reg d,buffer’; 

CNTEN, LATEN pin 61,62 istype ‘reg d,buffer’; 

CNTO, CNT1,CNT2Z, CNTS3 node 121,122,123,124 istype ‘reg t,buffer’; 
CNT4, CNT5, CNT6, CNT7 node 125,134,135,136 istype ‘reg t,buffer’; 
CNT8, CNT9, CNT10, CNT11 node 137,138,147,148 istype ‘reg t,buffer’; 
CNT12,CNT13,CNT14,CNT15 node 149,150,151,152 istype ‘reg t,buffer’; 
SAO, SA1,SA2,SA3 node 766,767,768,769 istype ‘reg t,buffer’; 
SA4,SA5,SA6,SA7 node 770,779,780,781 istype ‘reg t,buffer’; 
SA8,SA9,SA10,SA11 node 782,783,793,794 istype ‘reg t,buffer’; 
SA12,SA13,SA14,SA15 node 795,796,797,798 istype ‘reg t,buffer’; 
DAO, DA1,DA2,DA3 node 126,127,128,129 istype ‘reg t,buffer’; 
DA4,DA5,DA6,DA7 node 130,139,140,141 istype ‘’reg t,buffer’; 
DA8,DA9,DA10,DA11 node 142,143,153,154 istype ‘reg t,buffer’; 
DA12,DA13,DA14,DA15 node 155,156,157,158 istype ‘reg t,buffer’; 
SCARRY1, SCARRY2 pin 14,29 istype ‘reg d,buffer’; 
DCARRY1,DCARRY2 pin 15,30 istype ‘reg d,buffer’; 
CCARRY1,CCARRY2 pin 17,31 istype ‘reg d,buffer’; 

DONE pin 51 istype 'com,buffer’ ; 

LDSRC1, LDSRC2, LDSRC3 node 173,179,185 istype ‘com,buffer’; 
LDDST1, LDDST2, LDDST3 node 174,180,186 istype 'com,buffer’; 
LDCNT1, LDCNT2, LDCNT3 node 175,181,187 istype ‘com,buffer’; 
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"CREATE BUSES 

DATABUS = [D15..D0]; "data bus 

DATA = [D4..D0]); DATB = [D9..D5]; DATC = [D15..D10]; 
DLSB = [D7..D0]; 


ADDR = [A15..A0]; “address bus 
ALSB = [A7..A0]; 


WRDCNT [CNT15..CNTO]; “word count 
CNTLSB = [CNT7..CNTO]; 
CNTA = [CNT4..CNTO]); CNTB = [CNT9..CNT5]; CNTC = [CNT15..CNT10]; 


SRCADR = [SA15..SA0]; “source address 
SRCA = [SA4..SA0]; SRCB = [SA9..SA5]; SRCC = [SA15..SA10]; 
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SRCLSB [SA7..SA0]; 


DSTADR = [DA15..DA0]; "destination address 

DSTA = [DA4..DA0]; DSTB = [DA9..DA5]; DSTC = [DA15..DA10]; 
DSTLSB = [DA7..DAO]; 

COMMAND = [EN,DM_I0,SM_IO]; “command register 


STMACH (ST3,ST2,ST1,STO]; “state bits 
STDATA = [CNTEN, LATEN,DMA EN, BUS OE,M I0,R_W,DACK,HOLD]; “state machine outputs 


"DEFINE STATES 


SO = [0,0,0,0]; 
sl = [0,0,0,1]? 
S2 = [0,0,1,0]; 
S3 = [(0,0,1,1];3 
S4 = [0,1,0,0); 
so) = [0,1,0,1];7 
s6 = [0,1,1,0]; 
S7 = [0,1,1,1]); 
S8 = [1,0,0,0]; 
S9 = [1,0,0,1];3 


S10 = [1,0,1,0]; 
S$1l = Llp Uys LG 


"Register select for initialization 


"Al AO register selected 


“9 0 Command register 

"0 : Source address register 

ae 0 Destination address register 
* 1 Word count register 
EQUATIONS 


M_IO.OE = DMA EN; "M IO and R_W are control outputs during DMA 
R_W.OE = DMA EN; 


ADDR = (!BUS_OE & SRCADR.FB) "Select source or destination address 
# (BUS OE & DSTADR.FB) ; 

ADDR.OE = DMA EN; “Address output during DMA 

DATABUS.D = (DATABUS & LATEN) "Clock in data on input bus if 


# (DATABUS.FB & !LATEN); “LATEN is true 
DATABUS.CK = !CLK; 
DATABUS.OE = BUS OE; "Data output to destination during DMA 


COMMAND .D = [D2,D1,D0]; "load command register 
COMMAND.CK = CLK & !CS_ & RW & !Al & !A0; 
COMMAND.AR = DONE; 


LDSRC1 = !CS_ & RW & !Al & AO; “create regional controls for 
LDSRC2 = !CS_ & R_W & !Al & AO; “source address counter 
LDSRC3 = !CS_ & RW & !Al & AO; 


LDDST1 = !CS_ & RW & Al & !A0; "create regional controls for 
LDDST2 = !CS_ & RW & Al & !A0; "destination address counter 
LDDST3 = !CS_ & R_W & Al & !A0; 

LDCNT1 = !CS & RW & Al & AO; "create regional load controls for 
LDCNT2 = !CS_ & R_W & Al & AO; “word counter 
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LDCNT3 = !CS_ & RW & Al & AO; 


"Source address counter - 16-bit up-counter w/ parallel load 
" 3 stages with look-ahead carry in between 


SRCC.T = ((SRCC.FB + 1) $ SRCC.FB) & CNTEN & SCARRY2 & SCARRY1 "count 
# (DATC.FB $ SRCC.FB) & LDSRC3; “load 

SRCB.T = ((SRCB.FB + 1) $ SRCB.FB) & CNTEN & SCARRY1 "count 
# (DATB.FB $ SRCB.FB) & LDSRC2; “load 

SRCA.T = ((SRCA.FB + 1) $ SRCA.FB) & CNTEN “count 
# (DATA.FB $ SRCA.FB) & LDSRC1; "load 

SRCADR.CK = CLK; 

SCARRY1.D = (SRCA.FB == “h1E) & CNTEN “source address lst stage carry 


# SCARRY1.FB & !CNTEN; 
SCARRY1.CK = CLK; 
SCARRY2.D = (SRCB.FB == “hl1F) & CNTEN 
# SCARRY2.FB & !CNTEN; 
SCARRY2.CK = CLK; 


“source address 2nd stage carry 


"Destination address counter - 16-bit up-counter w/ parallel load 
" 3 stages with look-ahead carry in between 


DSTC.T = ((DSTC.FB + 1) $ DSTC.FB) & CNTEN & DCARRY2 & DCARRY1 “count 

# (DATC.FB $ DSTC.FB) & LDDST3; “load 
DSTB.T = ((DSTB.FB + 1) $ DSTB.FB) & CNTEN & DCARRY1 "count 

# (DATB.FB $ DSTB.FB) & LDDST2; “load 
DSTA.T = ((DSTA.FB + 1) $ DSTA.FB) & CNTEN "count 

# (DATA.FB $ DSTA.FB) & LDDST1; “load 
DSTADR.CK = CLK; 
DCARRY1.D = (DSTA.FB == “h1E) & CNTEN "destination address lst stage carry 


+e 


DCARRY1.FB & !CNTEN; 

DCARRY1.CK = CLK; 

DCARRY2.D = (DSTB.FB == “hl1F) & CNTEN 
# DCARRY2.FB & !CNTEN; 

DCARRY2.CK = CLK; 


"destination address 2nd stage carry 


"Word counter - 16-bit down-counter w/ parallel load 
" 3-stages with look-ahead carry in between 


CNTC.T = ((CNTC.FB - 1) $ CNTC.FB) & CNTEN & CCARRY2 & CCARRY1 "count 
# (DATC.FB $ CNTC.FB) & LDCNT3; “load 
CNTB.T = ((CNTB.FB - 1) $ CNTB.FB) & CNTEN & CCARRY1 "count 
# (DATB.FB $ CNTB.FB) & LDCNT2; "load 
CNTA.T = ((CNTA.FB - 1) $ CNTA.FB) & CNTEN “count 
# (DATA.FB $ CNTA.FB) & LDCNT1; “load 
WRDCNT.CK = CLK; 


CCARRY1.D = (CNTA.FB == “h0O1) & CNTEN 
# CCARRY1.FB & !CNTEN; 

CCARRY1.CK = CLK; 

CCARRY2.D = (CNTB.FB == “h00O) & CNTEN 
# CCARRY2.FB & !CNTEN; 

CCARRY2.CK = CLK; 


“word count lst stage carry 


"word count 2nd stage carry 


DONE = (CNTC.FB == 0) & CCARRY1 & CCARRY2; "Detects when DMA is complete 


STMACH .CK 
STDATA.CK 


CLK; 
CLK; 


"State Machine Controller - 


"Inputs: RST,EN,SM I0,DM _IO,DREQ, HLDA, DONE 


AlMET 
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"Outputs: CNTEN, LATEN,DMA EN,BUS OE,M I0,R _W,DACK, HOLD 


STATE DIAGRAM STMACH 


STATE SO: 
IF (EN & !RST) THEN 
S1 WITH STDATA.D 
ELSE 
SO WITH STDATA.D 


STATE S1:; 
IF (!EN # RST) THEN 
SO WITH STDATA.D 
ELSE IF (DREQ) THEN 
S2 WITH STDATA.D 
ELSE 
S1 WITH STDATA.D 


STATE S2: 
IF (!EN # RST) THEN 
SO WITH STDATA.D 
ELSE IF (!DREQ) THEN 
S1 WITH STDATA.D 
ELSE IF (HLDA) THEN 
S3 WITH STDATA.D 
ELSE 
S2 WITH STDATA.D 


STATE S3: 
IF (!EN # RST) THEN 
SO WITH STDATA.D 
ELSE IF (!DREQ) THEN 
S1 WITH STDATA.D 
ELSE IF (!HLDA) THEN 
S2 WITH STDATA.D 


ELSE IF (SM IO & !DM IO) THEN 


S4 WITH STDATA.D 


ELSE IF (!SM IO & DM_IO) THEN 


S6 WITH STDATA.D 


[0,1,0, 


[0,1,0, 


[0,1,0, 
(0,1,0, 


[0,1,0, 


(0,1,0, 
{[0,1,0, 
[0,1,0, 


(0,1,0, 


[0,1,0, 
(0,1,0, 
£0, 1,0, 
[0,1,1, 


(0,1,1, 


ELSE IF (SM_IO & DM IO) THEN 


S8 WITH STDATA.D 


(0,1,1, 


"Reset, idle state 

"If DMA is enabled, go to state 1 
0,0,0,0,0]; ENDWITH; 

“else, wait for enable 
0,0,0,0,0); ENDWITH; 


"DMA enabled, wait for DMA request 

"Tf disabled or reset, return to state 0 
0,0,0,0,0); ENDWITH; 

"If DMA requested, go to state 2 
0,0,0,0,1); ENDWITH; 

"else, wait for DMA request 

0,0,0,0,0); ENDWITH; 


"DMA requested, issue bus request 

"If disabled or reset, return to state 0 
0,0,0,0,0); ENDWITH; 

“If DMA request was removed, 
0,0,0,0,0); ENDWITH; 

"If bus control granted, go to state 3 
0,0,0,1,1]); ENDWITH; 

“else, wait for bus control 
0,0,0,0,1); ENDWITH; 


return to state 1 


"Bus granted, issue DMA acknowledge 
"If disabled or reset, return to state 0 
0,0,0,0,0); ENDWITH; 
“If DMA request was removed, 
0,0,0,0,0]; ENDWITH; 
"If bus control was revoked, 
0,0,0,0,1); ENDWITH; 

"Start DMA: Memory - I/O Device 
0,1,0,1,1); ENDWITH; 

"Start DMA: I/O Device - Memory 
0,0,0,1,1); ENDWITH; 

“Start DMA: Memory - Memory 
0,1,0,1,1); ENDWITH; 


return to state l 


return to state 2 


ELSE IF (!SM IO & !DM IO) THEN "Start DMA: I/O Device - I/O Device 
[0,1,1,0,0,0,1,1]); ENDWITH; 


$10 WITH STDATA.D = 


STATE S4:; 
IF (!DREQ # RST) THE 
SO WITH STDATA.D 
ELSE 
S5 WITH STDATA.D 


STATE S5: 


N 


[0,1,0, 


[1,0,1, 


IF (!DREQ # RST # DONE) THEN 


SO WITH STDATA.D 
ELSE IF (!HLDA) THEN 

S2 WITH STDATA.D 
ELSE 

S4 WITH STDATA.D 


STATE S6: 


IF (!DREQ # RST) THEN 


SO WITH STDATA.D 
ELSE 
S7 WITH STDATA.D 
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(0,1,0, 


(0,1,0, 


"DMA cycle, memory read 

"If DMA request removed or reset, 
0,0,0,0,0); ENDWITH; 

“else, continue DMA transfer 
1,0,1,1,1]; ENDWITH; 


return to state 0 


"DMA cycle, I/O device write 
"If DMA request removed, reset or done, 
"return to state 0 
0,0,0,0,0); ENDWITH; 
"If bus control revoked, 
0,0,0,0,1); ENDWITH; 
"else, continue DMA transfer 


return to state 2 


(0,1,1,0,1,0,1,1); ENDWITH; 


(0,1,0,0,0,0,0,0); 


[1,0,1, 


"DMA cycle, I/O device read 

“If DMA request removed or reset, 
ENDWITH; 

“else, continue DMA transfer 
l,lgislslj]? ENDWITH; 


return to state 0 
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STATE S7: 
IF (!DREQ # RST # DONE) THEN 


"DMA cycle, 
“If DMA request removed, 


memory write 
reset or done, 


"return to state 0 


SO WITH STDATA.D = 
ELSE IF (!HLDA) THEN 

S2 WITH STDATA.D = 
ELSE 

S6 WITH STDATA.D = 


STATE S8: 
IF (!DREQ # RST) THEN 


(0,1,0,9,0,0,0,0]; 
"If bus control revoked, 
(0,1,0,0,0,0,0,1]; 
“else, 
[(0,1,1,0,0,0,1,1]; 


"DMA cycle, 
"If DMA request removed or reset, 


ENDWITH; 

return to state 2 
ENDWITH; 

continue DMA transfer 

ENDWITH; 


memory read 
return to state O 


SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE “else, continue DMA transfer 
S9 WITH STDATA.D = [1,0,1,1,1,1,1,1]; ENDWITH; 
STATE S93 "DMA cycle, memory write 
IF (!DREQ # RST # DONE) THEN "If DMA request removed, reset or done, 


"return to state 0 


SO WITH STDATA.D = 
ELSE IF (!HLDA) THEN 

S2 WITH STDATA.D = 
ELSE 

S8 WITH STDATA.D = 


(0,1,0,0,0,0,0,0]; 
"If bus control revoked, 
(0,1,0,0,0,0,0,1]; 
“else, 
(0,1,1,0,1,0,1,1]; 


ENDWITH; 

return to state 2 
ENDWITH; 

continue DMA transfer 

ENDWITH; 


STATE S10; "DMA cycle, I/O device read 
IF (!DREQ # RST) THEN “If DMA request removed or reset, return to state 0 
SO WITH STDATA.D = [0,1,0,0,0,0,0,0]; ENDWITH; 
ELSE "else, continue DMA transfer 
$11 WITH STDATA.D = [(1,0,1,1,0,1,1,1]; ENDWITH; 
STATE S11: "DMA cycle, I/O device write 
IF (!DREQ # RST # DONE) THEN "If DMA request removed, reset or done, 


"return to state 0 


SO WITH STDATA.D = 
ELSE IF (!HLDA) THEN 


[0,1,0,0,0,0,0,0]; 
"If bus control revoked, 


ENDWITH; 
return to state 2 


S2 WITH STDATA.D = [0,1,0,0,0,0,0,1]; ENDWITH; 
ELSE “else, continue DMA transfer 
$10 WITH STDATA.D = [0,1,1,0,0,0,1,1]); ENDWITH; 


"This set of test vectors initializes the source address, 


"word count and command data. 


TEST VECTORS ( 
[CLK,RST,CS_,M IO,R W,ALSB,DLSB] - 


[ 1, 0, 1, 0, 1, 0, 0 j = 
[ Ty id, ty 0, ly Of 0 i = 
[ Ky QO, Oy Oy, ly ity OA |] = 
[ Kk, 0, 0, O, 1, 2, OBO j - 
[ K, 0, 0, 0, Lp #3, GUS j= 
{ K, 0, 0, O, 1, UW, COT | = 


"This set of test vectors performs 
“count which was loaded. 


TEST VECTORS ( 
[CLK,RST,CS_,ALSB, DLSB, DREQ, HLDA] 


{ i, BO ly 0, 0, 0 ] 
[ €, O, dy OO 0, 0, 0 ] 
[ ¢, 0, 1, O, 0, 1, 0 ] 
{ec, 0, I, OQ, 0, 1, 1 ] 
[ Cy GO, dey 8; Sd, dy 1 ] 
[ Cc, 0, 1, 0, 0, l, 1 ] 
[{c, 0, 1, O, 66, 1, 1 ] 


destination address, 


[SRCLSB, DSTLSB, CNTLSB, COMMAND ] ) 


[ 0, 0, 0, O 1; 
[ 0, 0, 0, O 1; 
[OOA, 0, Oo, oO 1; 
[OOA, OBO, 0, oO is 
[(OOA, OBO, 003, O 1; 
[(OOA, OBO, 003, 7 l; 


a DMA transfer using the addresses and word 


[STMACH, STDATA, SRCLSB, DSTLSB, CNTLSB, DONE] ) 


[1l, X, OA, OBO, 03, 0 )3 
[1, X, OA, OBO, 03, 0 ); 
[2, X, OA, OBO, O03, 0 )3 
[3,5 X, OA, OBO, 03, 0 )3 
[By O6B, OA, OBO, 03, 0 ]3 
[9, OBF, OA, OBO, 03, 0 ); 
[8, O6B, OB, OB1, UZ s 0 13 
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[ c, 0, 1, O, 0, l, i } - (9, OBF, OB, OB1, 02, 0 l; 
{[c, 0, 1, 0, 77, 1, 1 ] = (8, O6B, oC, OB2, 01, 0 )3 
{c, 0, 1, 9, 0, 1, 1 } = (9, OBF, Oc, OB2, 01, 0 )3 
[ Cc, 0, 1, 0, 0, 1, 1 } = (8, O6B, OD, 0B3, 00, 1 ); 
[c, 0, 1, 0O, 0, 1, 1 j = {9, OBF, OD, 0B3, 00, 1 ; 
(Cc, 0, 1, 0, 0, 1, | ] = [G, X, OE, OB4, OFF, 0 3 
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Recommended Design Methods 


Introduction 

Described here are a series of guidelines for 
designing with AT6000 Series field pro- 
grammable gate arrays (FPGAs). Among 
the topics covered are basic cell functional- 
ity, building simple functions, general man- 
ual placement-and-routing rules, and sche- 
matic-entry tips that can make time spent in 
the Interactive Editor more productive. 
Keeping these guidelines in mind can re- 
duce design time and produce more effi- 
cient circuits. 


The Basics 

Before beginning a design, it is important to 
understand the building blocks of the Atmel 
architecture. AT6000 Series devices consist 
of a symmetrical array of cells that perform 
logic functions and are connected to a com- 
prehensive busing structure. Symmetrical 
interconnects on the four sides of each cell 
provide cell-to-cell and cell-to-bus connec- 
tions. Figure 1 shows the logic contained in 
each cell. A more detailed explanation of 


Figure 1. Cell Structure 
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cell functionality can be found in the 
AT6000 Series data sheet. 


Logical Functions 
and Cell Configurations 


The logical function is the function a cell is 
performing; the cell configuration is how 
the cell is configured to perform that func- 
tion. Cells can perform 44 logical functions, 
each corresponding to at least one cell con- 
figuration. 


For example, a cell can be configured six 
different ways to perform the same inverter 
function. Figures 2a and 2b show two of 
these configurations. The inverter in 2a 
goes from a local bus input (L) to a B out- 
put. The inverter in 2b takes an A input sig- 
nal, inverts it, and drives it to the A, B, and 
L outputs. Depending on routing conditions 
and the use of neighboring cells, one con- 
figuration may be more appropriate than 
another. 
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The following table shows the number of cell configurations Figure 2a. First Inverter Configuration 


associated with each logical function: 


Cell Configurations ante Aah t” he ee aie 


Logical Function 


Combinatorial (1 output) coment . ; 


Inverter 
2-input AND 


2-input NAND 


‘Lye ef 1) “Gls 


6 
4 
4 
2-input XOR 2 on el’ eile 
2-input OR 1 I “@-ewa 
A = (AeL) XOR (BeL’) 1 i af A 
(Bel’) 2-input AND with 1 Inverted Input 1 al : 
(A+L’) 2-input OR with 1 Inverted Input 1 | 
3-input AND 1 Te oe 
3-input NAND 1 
2-input AND Feeding an XOR 1 A B 
Buffer 1 
INVW Local Bus Input Inverter with Thru Wire = 2 Figure 2b. Second Inverter Configuration 
INVINV Two Inverters 3 | 
AN2S 2-input AND and B Wire 1 
AN2X 2-input AND and B Cross Wire 1 wis end , Teer e 
AN2INV (AeL,L’) 2-input AND and Inverter 1 .o 
INVAN2 (L’,AeL) Inverter and 2-input AND 1 
NDND Two 2-input NANDS 1 
XOND 2-input XOR & NAND 2 
SELBUFS A = (AeL);B = (BeL’) 1 
SELBUFX = (BeL’);B = (AeL) 2 
XOND3 A = (AeL) XOR B;B = (AeL) NANDB 1 
WAN2L Wire & (BeL’) 1 
AN2LW BeL’) & Wire 1 
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ZEROZERO 
ZEROONE 


D Flip-Flop Q Out 

D Flip-Flop QN Out 

D Flip-Flop = Half-Adder Sum 
D Flip-Flop = (AeL) XOR (BeL’) 
D Flip-Flop = 2-input NAND 
D Flip-Flop = 2-input OR 

D Flip-Flop = 2-input OR with 

1 Inverted Input 

D Flip-Flop = (AeL) XOR B; 

B = (AeL) AND B 

Clock Edge Detect 


Tri-state Buffer 

Tri-state D Flip-Flop 

“0” or “Z” (high impedance) 
“1” or “Z” (high impedance) 
Clock Edge Detect or “Z” 


Logic One 2 
Logic Zero 2 
Two Logic Ones 1 
1 
2 


Two Logic Zeros 
Logic One and Logic Zero 
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Combining Cell Functions 

When cells are used in combination, more functions are avail- 
able. The combination of two cells, for example, can produce a 
four-input AND gate as shown in Figure 3. Other two-cell func- 
tions include a three-input XOR and a set/reset NAND latch. 


The combination of three cells can produce more complex operations 
such as the two-input AND/OR function shown in Figure 4. 


The three cells in combination produce a specific output, but the 
outputs of each cell can be used as part of another function. The 
following table lists the intermediate outputs available from this 
function: 


This same two-input AND/OR function could be implemented 
using a single cell, but that would preclude use of the interme- 
diate outputs. 


Macros 

When cells are grouped together to perform a specific logical 
function, they form a macro. A single-macro function, like a 
single logical function, can be configured in more than one way. 
Each of these physical variations is called a shape. Shapes vary 
in their use of routing resources, the relative placement of logic 
cells, and the number and type of physical primitives used. 
Routing varies from shape to shape, making some shapes faster 
than others. Designs can therefore be tuned for speed or size. 


Figure 3. Two Cells Combine to Make a Four-Input AND 


wor> 


Macros are either hard or soft. Hard macros maintain the rela- 
tive placement of each logic cell. The timing of a hard macro 
can be fully characterized and remains constant regardless of 
the macro’s orientation in the layout because the relative place- 
ment of its components remains unchanged. Because the 
AT6000 Series architecture is symmetrical, hard macros can be 
flipped or rotated without affecting internal macro timing. 


Soft macros are made by dismantling, or softening, a hard 
macro, or by creating a schematic symbol that represents a se- 
ries of hard macros. (In essence, every unplaced design is really 
a large, soft macro.) Each cell in a soft macro can be placed 
individually, so the timing of a soft macro depends on cell 
placement and interconnect. 


A list of the more than 200 macros included in the Atmel Macro 
Library appears in the Integrated Development System data 
sheet. Most macros have more than one shape, yielding a total 
of over 350 configurations. 


Macros can be combined to make more complex functions. For 
example, six half-adders (HA1, shown in Figure 5a) can com- 
bine to create the 4-bit Summer shown in Figure 5b. The Sum- 
mer uses four binary inputs and defines its outputs as follows: 


If 0 bits = 1, then output = 0 (Binary 000) 
If 1 bit = 1, then output = 1 (Binary 001) 

If 2 bits = 1, then output = 2 (Binary 010) 
If 3 bits = 1, then output = 3 (Binary 011) 
If 4 bits = 1, then output = 4 (Binary 100) 


The Summer counts how many of the four-input bits are true 
and outputs the sum. Figure Sc shows the layout of the Summer 
in the Atmel architecture. 


Figure 4. A Two-Input AND/OR Functions Uses Three Cells 
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Figure 5a. Schematic of HA1 


Figure 5c. Layout of the 4-Bit Summer 
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Placement and Routing 

Once the macros to be used in a design have been selected and 
the schematic is complete, the design is ready to be placed and 
routed. Placement and routing are interdependent because cells 
can be used for both logic and routing. The relationship be- 
tween placement and routing creates a number of trade-offs in- 
volving circuit speed, cell utilization and location of routed 
nets. For example, cell placement can interfere with routing by 
blocking a cell and making the net unroutable. Understanding 
these trade-offs makes place and route easier and more effi- 
cient. 


Routing Rule 1: Conserve busing resources. 


In general, because cells are more plentiful than buses, cells 
should be used in place of buses for routing signals over short 
distances. Placing interconnected cells in adjacent locations in 
the array, or abutting them, avoids routing delays and makes it 
easy to route the signals together. 


To conserve buses, it is sometimes better to use more than the 
minimum number of cells to implement a function. For exam- 
ple, a two-input OR gate can be performed in one cell, but re- 
quires the use of a local bus, as shown in Figure 6a. If the local 
bus is already in use, then it is better to implement the function 
using three cells and no local bus, as in Figure 6b. Using a bus- 
free macro implementation makes layout more flexible because 
the macro can be placed and routed with less restriction. 


Busing resources are best saved for routing signals across longer 
distances (more than five cells) in the array, for tri-state capa- 
bilities, for signals with high fanout, and for hard-to-route nets. 


Figure 6a. Two-Input OR Using One Cell and a Local Bus 


Routing Rule 2: Align common signals used as inputs. 


When a number of signals provide the inputs for many func- 
tions, group the signals together and route them in parallel. 


Consider implementing the decoder function shown in Figure 
7a. The decoder implements full or partial product terms: 


Ql = $3’ & S2 & S1 & SO’ 
Q2 =S3 & S2’ & S1’ & SO’ 
Q3 = $3 & S0’ 


The layout of the decoder is shown in Figure 7b. Each cell re- 
ceives the same input via a local bus, and directs the input to an 
inverter (INV), a two-input AND gate (AN2), or a two-input 
gate with one inverted input (AN2L). Because Q1, Q2, and Q3 
go through the same number of cells, timing for each signal is 
regular. 


Consider also the two-to-four decoder shown in Figure 8a. The 
logic schematic and physical layout (Figure 8b) show this func- 
tion implemented using four cells and two local buses. As in the 
product term example above, the two inputs S1 and SO enter the 
cells from the local bus, but signals could enter from adjacent 
cells if the local bus was already being used to route another 
signal. The outputs exit from the A and B cell outputs. 
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Figure 7a. Schematic of Decoder Function 


Figure 7b. Layout of the Decoder 
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Routing Rule 3: Use express buses whenever possible. Figure 9. Branching Signals Increases Performance 


Because they are not connected directly to cells and thus have 
lower capacitive loads, express buses are faster than local buses 
and should be used whenever possible to increase design per- 
formance. Also, using an express bus in place of a local bus 
frees up the local bus for other routing purposes. In some cases, [rw 
however, substituting an express for a local bus will not be pos- 


sible: pein 
* when connecting directly to a cell : 


* when using a bi-directional signal 
* when making 90° turns 


For increased performance it is best to limit the number of local 
bus segments carrying a signal and to cross repeater boundaries __ 
only if necessary. 


Branching the express bus signal to the local bus at each re- eee — 
peater can be beneficial when the fanout of a signal is greater 
than eight or the signal goes through more than one repeater. 
This helps balance the load of each local bus segment, making 

timing consistent across the length of the array. 


Figure 9 illustrates an example of branching. Signal X is routed 
through the express bus and branches at the repeaters to the 
local bus segments driving the Y and Z cells. If signal X had 
been routed via the local bus to cells Y1, Y2, and Y3, and 
through a repeater (local bus to local bus) to cells Z1, Z2, and Z3, r----- 


the load of the Y cells would impact the speed of the signal 
reaching the Z cells. 


aw 
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Routing Rule 4: Forced redundancy can save routing re- 
sources and minimize skew. 


If the same function is being used at different locations in the 
array, two methods can be used to distribute the functions. Fig- 
ure 10a illustrates the first method. The function can be per- 
formed at a single location and the output routed to other loca- 
tions in the array. With the second method, shown in Figure 
10b, the inputs of the function can be routed to each location of 
the array and the function performed at each location. Unless 
the signals are already accessible throughout the array, this op- 
tion can require extra routing resources. If routing resources are 
available, however, the second method may be preferable be- 
Cause it lets you align signal paths in parallel and makes timing 
more consistent. 


Routing Rule 5: Organize registers in columns. 


Clocks are distributed along the top edge of the Atmel array and 
allow each column of logic cells to be clocked individually (see 
the AT6000 Series data sheet for a detailed description). Group- 
ing cells that use the same clock in a limited number of columns 
frees up the clocks in the remaining columns. Similarly, regis- 
tered I/Os should be placed at the sides of the array rather than 
the top or bottom so the corresponding entrance and exit cells 
can be controlled by the same column clock. 


Although independent clocking increases the flexibility of the 
AT6000 Series architecture, synchronous designs based on a 
single global clock yield better results. Asynchronously clocked 
registers can restrict placement and routing because they make 
grouping cells together more difficult and, depending on the 
number of different clocks in a design, can use up limited clock 
resources too quickly. The global clock is the most efficient 
clock because it is available to all cells and has low skew. 


Use of the asynchronous reset logic along the bottom of the 
array is similar to that of the column clocks. Place logic requir- 
ing the same reset in the same column, and limit the variety of 
resets in a design. 


Figure 10a. Function Outputs are Routed to Other Locations 
in the Array 
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Schematic Entry Tips 

Although it is possible to implement designs directly in the lay- 
out using the Interactive Editor, many engineers describe their 
designs in a schematic and use the resulting netlist for place- 
ment and routing. The tips included here describe how to label 
macros and nets in Viewdraw for use with the Interactive Editor 
in netlist-driven mode. 


Labels applied in the schematic carry over to the “‘to-be-placed” 
list of macros in the Interactive Editor. The label from each hi- 
erarchical level is included in the list, beginning with the top- 
level symbol and continuing down the hierarchy to the macro 
label. For easy viewing in the placement menu, use a short label 
to identify each instance of a component on the schematic. 


Component labels are used in the Interactive Editor for place- 
ment. Labels can be entered at the keyboard or selected from a 
placement menu. The placement menu lists labels in alphabeti- 
cal order, with the first item preselected. Careful use of labels 
can organize macros such that functions appear together, mak- 
ing placement go more quickly. 


Nets that connect components can also be labeled for easy iden- 
tification, making it simple to correlate placement and routing 
with the design schematic. Workview automatically assigns 
names to unlabeled nets (see Workview manuals for details), so 
it is best to create meaningful labels as you create the schematic. 


Making your own components 


Viewlogic lets you create components by defining symbols to 
represent underlying schematics. The elements of the 
Viewlogic component appear in the Interactive Editor’s place- 
ment list under a common root name. The underlying elements 
can be selected from the list and placed like any other Atmel 
macro. 


The Design Manager automatically creates a symbol for the 
Atmel FPGA using the 132-pin PQFP package by default. This 
symbol can be modified to specify I/O connections, or replaced 
with any of the other package symbols. 


Figure 10b. The Function is Performed at Different Locations 
in the Array 


Function occurs n times, each time with 
a fanout of 1 
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Implementing Cache Logic™ with FPGAs 


by Joel Rosenberg 


The Cache Logic Concept 
Atmel Corporation has developed an en- 
abling technology to make adaptive hard- 
ware possible for electronics systems. This 
capability, trademarked as Cache Logic, 
was developed and patented by Concurrent 
Logic recent acquired by Atmel Corpo- 
ration, Inc.) 


Cache logic is a cost-saving way of imple- 
menting logic more efficiently. The active 
functions of an application are performed 
by a field programmable gate array 
(FPGA) that can be reconfigured as it oper- 
ates, while inactive functions are stored in 
an inexpensive configuration memory—an 
EPROM, for example. As new functions 
are required, they are written over old ones. 


A single application is made up of many 
smaller macro-level operations, like counters, 
multipliers, shift registers, and multiplex- 
ers. When an application is broken down 
into its sub-operations, two things become 
apparent. First, functionality overlaps. A 
single function may be used a number of 
different times. Second, there is a high de- 
gree of functional latency. At any given 
moment, only a small portion of an 
application’s operations are active; only a 
few functions are used at the same time. 


By consolidating functionality, eliminating 
redundancy, and tracking the occurrence of 
each sub-operation, functions can be or- 
ganized such that a relatively small, inex- 
pensive logic device is reconfigured as it 
operates to perform a complex function. In 
a 10,000-gate application, for example, 
only 2,000 gates might be active at once. By 
caching the extra 8,000 gates for later use, 
a 2,000-gate device replaces a more expen- 
sive 10,000-gate device. 


Cache Logic Implementation 
Cache logic implementation is conceptually 
similar to cache memory. In cache memory, 
the highest speed memory (usually SRAM) 
is used to store active data, while the bulk 
of data resides in lower-cost storage, such 
as DRAM, or EPROM, disk, etc. Cache 
logic works in a similar fashion. Only a 
small fraction of the circuitry —those 
functions which are loaded into the logic 
cache—is active in a system at any given 
time, while unused functions or variations 
reside in lower-cost system memory. It is 
even possible to compile variations of a de- 
sign in real time. As logic functions are re- 
quired, they can be loaded into cache logic, 
replacing or complementing the logic al- 
ready present. 


Figure 1 shows the block diagram for the 
Atmel AT6000 FPGA, which is an ideal 
medium for cache logic. The ability to im- 
plement cache logic requires FPGAs that 
are capable of being dynamically reconfig- 
ured in system, either completely or par- 
tially, without disrupting the operation of 
the balance of logic in the device. Another 
requirement is architecture symmetry. This 
is necessary to make possible the arbitrary 
placement of generic blocks in a location 
that is available at the timé required. It is 
also necessary to allow for easy modeling 
of device characteristics for the artificial 
intelligence required in the partitioning of 
a design. The symmetry also simplifies the 
creation of arrays of devices to create a 
larger digital medium for the implementa- 
tion of cache logic. 


Note: (1) The method for exploiting Cache Logic was pioneered by the University of 
Strathclyde in Scotland and is described in Lysaght, P. and Dunlop, J., “Dynamic 
Reconfiguration of Field Programmable Gate Arrays”, in More FPGAs, 

W. Moore and W. Luk, Eds., Abingdon EE&CS Books, England 1994. 
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Predetermined and Dynamic Cache Logic 
There are two types of cache logic which have been defined: 
predetermined cache logic and dynamic cache logic. Predeter- 
mined cache logic involves the use of predefined functions and 
macros that are stored in external, nonvolatile memory 
(EPROM, EEPROM, disk, CD ROM, or even memory remote 
from the system loaded over a communications link). These 
functions have already been placed and routed and have bit 
streams which have been previously generated (Figure 2). The 
implementation of these functions is controlled by a resident 
manager in the logic cache, or in an external control such as a 
microcontroller/processor routine. New functions may be 
downloaded to the logic cache in the background without dis- 
rupting the operation of the cache (logic, I/O, and register data), 
as shown in Figure 3. In fact, data in the registers is not lost even 
in the area being overwritten. 


Figure 1. AT6000 Array 
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* Symmetrical Array 
* Identical Cells 
* §8-by-8 Cell Sectors 
* Programmable Interconnects 
* Surrounded by I/O 
* No Dedicated Functions 
* Reconfigurable On-the-Fly 
* Full 
* Partial 
* Without Data Loss 


The second type of cache logic, dynamic, is the basis for build- 
ing adaptive hardware. Dynamic caching involves the determi- 
nation of logic, placement and routing of the logic, bit stream 
generation, and programming the logic cache in real time. The 
major issues to be addressed in the development of this capabil- 
ity include (but are not limited to) the scheduling and allocation 
of functions, random-logic collection, and collision handling 
and avoidance within the cache. Dynamic cache logic exists as 
a concept today; the physical implementation issues described 
above have not yet been fully addressed. 


Cache logic may be applied in many applications. The concept 
of virtual products will be introduced, which utilizes the flexi- 
bility of programmable logic. Virtual products do not require 
cache logic programmability but, as we see, the use of cache 
logic greatly reduces the amount of programmable digital 
media needed to implement a virtual product. 


Figure 2. Macro Library 
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Fixed Routing 
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* Create Own Library 
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* Test Macros 
* For Debug/System Test 
* Super Macros 


* Major Predefined Functions 
* Specialized for Markets 
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Virtual Products 

A virtual product is a combination of a “tangible asset,” such 
as a data acquisition board, and a service, such as product 
customization. The first thing to understand about virtual prod- 
ucts is what the end customer wants, and how system developers 
can match their core competencies with these needs. 


There are two issues raised in the manufacture of virtual 
products: 


1. How to balance economy of scale achieved in volume 
manufacturing with special features that customers are 
willing to pay for; and 


2. How to create diversity while maintaining a level of qual- 
ity associated with standard high-volume production. 


Cache Logic and FPGAs help the manufacturers achieve these 
two requirements of virtual products. A virtual product line is 
one with characteristics which meet the needs of a class of cus- 
tomers. An example would be a PC-based data-acquisition 
product. Such a product has certain physical requirements con- 
sistent with a PC-bus card standard. The board would also have 
a series of standard data gathering features such as multiple- 
channel A-to-D converters, digital I/O ports, D-to-A converters, 
and high-speed clock counters. These features are typically ac- 
complished by highly integrated well-designed ICs readily 
available to all manufactures. The complexity of such products 
is in the data path and protocol which connects the PC to the 
standard IC products. The structure of this data path is preju- 
diced by optimum system performance, cost, and customer 
preference, the key item being customer preference for a 
successful virtual product, or for that matter any successful 
product. 


Figure 3. Cache Logic Concept 


CONFIGURATION 
MEMORY 


NEW TASK 
BEING LOADED 


INACTIVE TASKS 
ACTIVE TASKS 


— 


UNUSED FPGA RESOURCES 


HOOOUO0O0O00000 


OOOOODOOO000 


AIMEL 


OOOOOOOOOOOoDO0000000000 


The traditional approach to creating a data-acquisition product, 
like most products, is to create a board with a standard bus foot- 
print, use industry standard A-to-D and D-to-A circuits, and 
then create a custom data path. The manufacturer then has to 
trust marketing studies and instinct to determine the best data 
path approach. It is possible to hedge the bet by adding redun- 
dancy. This redundancy has two detrimental effects: added cost, 
and added complexity for the end user. The selection of wrong 
data path protocol or excessive complexity caused by redun- 
dancy results in dissatisfied or nonexistent customers. 


A virtual product does not mean that a manufacturer would be 
able to offer one product which was all things to all people. The 
use of programmable logic would allow a manufacturer to cre- 
ate an extensive catalog of products, but only have a small num- 
ber of tangible assemblies to tool for manufacturing. The man- 
ufacturer would use FPGAs and cache logic FPGAs to create 
diversity in its product line. The cost of diversity to the manu- 
facturer is the cost of service, or “personalization engineering,” 
required to create a niche design on a standard assembly. The 
advantage for the customer is a mass-produced product which 
meets their specific needs. 


The virtual product approach allows a manufacturer to perfect a 
single assembly. The FPGA’s ability to be configured for self- 
test could even enhance the quality of the assembly. Atmel has 
developed the IEEE1148 boundary-scan supermacro. Utilizing 
the reconfigurable logic capability of the AT6000 family, the 
boundary-scan function may be loaded into the device and di- 
agnostics performed, then the device can be reconfigured for 
other logic functions. A single Atmel device may be used for 
testing and logic, with no overhead or speed penalty, as is the 
case for all other FPGAs and other ASIC devices. 


DYNAMICALLY RECONFIGURABLE 
6000 FPGA 
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The result would be an inventory of nearly identical raw-prod- 
uct assemblies, which through virtual design becomes a catalog 
full of products when shipped to the customer. With a solid 
design, most customer problems can be traced to the virtual- 
design personalization process, and be repaired in the field with 
FPGA configuration updates. It is also possible to introduce 
new features into virtual products as soon as they are invented 
and proven, rather than wait until a new hardware product is 
designed, tooled, and manufactured. 


Cache Logic Benefits 
There are several benefits derived from cache logic design: 

* New functionality may be added to existing hardware, 
without having to make modifications to the board. 

* The hardware may be tailored to the application, result- 
ing in higher system performance across a broad range of 
applications. 

* The FPGA density limitations are eliminated. 

* Overall system reliability is improved by reducing the 
number of physical products manufactured and utilizing 
boundary scan macros for manufacturing and system 
testing. 


Table 1. Examples of Cache Logic™ Applications 


* Overall product life cycle costs are significantly reduced 
by using reusable software and hardware: 


* lower development costs 

* lower inventory costs 

* quicker time to market 
fewer parts on the board 

* lower power consumption 

* lower total system cost 

* reusable designs 


Summary 

To many people, the ideal of adaptive hardware or virtual prod- 
ucts is a futuristic concept. The AT6000 family is capable of 
implementing cache logic and virtual products today. The 
Atmel FPGA and its abilities to implement cache logic make it a 
foundation for adaptive hardware and virtual products. Successful 
design with this new technology has been commercially demon- 
strated. Today’s design methodology, that requires a new product for 
each new function, will be replaced by adaptive hardware products 
that meet the needs of both customers and suppliers with custo- 
mized products and improved quality, while reducing product de- 
velopment time and overall life cycle costs. 


Power and Space-Sensitive Applications Compute Intensive Applications 


Portable Computers 
Battery-Operated Instrumentation 
Portable Communications 
Portable Medical Equipment 


Computer Graphics 
Image Processing 
Data Compression 
Speech Recognition 


Pattern Recognition 


Reprogrammable Hardware Application Acceleration 


Test Equipment 

Industrial Control 
Instrumentation 
Special-Purpose Computers 
Connectors 


Cache Logic™ is a trademark of Atmel Corporation. 


CAD 
Database 
Spreadsheet 
Multimedia 
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Data Acquisition Systems Using 
Cache Logic™ FPGAs 


by Rafe Camerota, Design Manager 
and Joel Rosenberg, Marketing Manager 


Atmel has developed an enabling technol- 
ogy to make adaptive hardware possible for 
Data Acquisition, Logic Analyzer, and other 
instrumentation products. This capability, 
trademarked as Cache Logic, was developed 
and patented by Atmel. 


Cache logic is conceptually similar to cache 
memory. In cache memory, the highest 
speed memory (usually SRAM) is used to 
store active data, while the bulk of data re- 
sides in lower cost storage, such as DRAM, 
EPROM, disk, etc. Cache logic works in a 
similar fashion. Only a small fraction of the 
Circuitry is active in a system at any given 
time. Only active functions are loaded into 
the logic cache, while unused functions, or 
variations, reside in lower cost system memory. 
It is even possible to compile variations of a 
design in real time. Logic functions are loaded 
into the logic cache as required, replacing, 
or complementing the logic already present. 


The ability to implement cache logic re- 
quires FPGAs that are capable of being dy- 
namically reconfigured in system, either 
completely or partially, without disrupting 
the operation of the balance of logic in the 
device. Another requirement is architecture 
symmetry. This is necessary to enable the 
arbitrary placement of generic blocks in a 
location that is available as required. It is 
also necessary to allow for easy modeling of 
device characteristics for the artificial intel- 
ligence required in the partitioning of a de- 
sign. The symmetry also simplifies the cre- 
ation of arrays of devices to create a larger 
digital medium for the implementation of 
cache logic. Cache logic can be used in 
many applications. The example used in this 
description of cache logic will be a series of 
data acquisition products. The example will 
also discuss the concept of virtual products, 
which utilize the flexibility of programma- 
ble logic. Virtual products do not require 


cache logic programmability, but as we see 
the use of cache logic greatly reduces the 
amount of programmable digital media 
needed to implement a virtual product. 


The Virtual Product 

A virtual product is a combination of a “‘tan- 
gible asset,” such as a data acquisition board 
and a service, such as product customiza- 
tion. The first thing to understand about vir- 
tual products is what the end customer 
wants, and how manufacturers can match 
theirs core competencies with these needs. 


There are two issues raised in the manu- 
facture of virtual products: 


1.. How to balance economy of scale 
achieved in volume manufacturing 
with special features that customers 
are willing to pay for; and 


2. How to create diversity while maintain- 
ing a level of quality associated with 
standard high-volume production. 


Cache Logic and FPGAs help the manufac- 
turers achieve these two requirements of vir- 
tual products. A virtual product line is one 
that has characteristics that meet the needs 
of a class of customers. An example would 
be a PC based data acquisition product. 
Such a product has certain physical require- 
ments consistent with a PC bus card stan- 
dard. The board would also have a series of 
standard data gathering features, such as 
multiple channel A-to-D converters, digital 
I/O ports, D-to-A converters, and high speed 
clock counters. These features are im- 
plemented in standard, high integration ICs. 
The most complex portions of these prod- 
ucts are the data path and protocol sections 
that connect the PC to the standard ICS 
products. The structure of this data path is a 
function of optimizing system performance, 
cost, and customer preference. 
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The traditional approach to creating data-acquisition products is 
to create a board with a standard bus footprint, use industry 
standard A-to-D and D-to-A circuits, and then create a custom 
data path. The manufacturer then has to trust marketing studies 
and instinct to determine the best data path approach. It is pos- 
sible to hedge the bet by adding redundancy. This redundancy 
has two detrimental effects: added cost, and added complexity 
for the end user. The selection of wrong data path protocol or 
excessive complexity caused by redundancy results in dissatis- 
fied or nonexistent customers. 


A virtual product does not mean that a manufacturer would be 
able to offer one product that was all things to all people. The 
use of programmable logic would allow a manufacturer create 
an extensive catalog of products, but only have a small number 
of tangible assemblies to tool for manufacturing. The manufac- 
turer would use FPGAs and cache logic FPGAs to create diver- 
sity in their product line. The cost of diversity to the manufac- 
turer is the cost of service, or “personalization engineering,” re- 
quired to create a niche design on a standard assembly. The ad- 
vantage for the customer is a mass produced product that meets 
thier specific needs. 


Quality 

Quality is a very important advantage of the virtual product ap- 
proach to design. Quality is usually the ultimate factor in device 
selection. Quality customer service can be defined as a high 
level of product diversity, and is measured by the degree that 
the specific customer requirements are met. 


The foundation of product quality is in the manufacturing pro- 
cess. Unlike service quality, product diversity (quality customer 
service) is detrimental to the goal of 100% quality. Total prod- 
uct quality is attained by tooling for a long term process of im- 
plementation, evaluation, and feedback. Multiple custom prod- 
ucts produced on the same assembly line conflict with the abil- 
ity to attain the highest product quality and best economies of 
scale. Quality enhancing techniques, including just-in-time de- 
livery, multi-discipline staffing, and integrated engineering, do 
not work well with multiple short run products. 


The virtual product approach allows a manufacturer to perfect a 
single assembly. The FPGA’s ability to be configured for self- 
test could even enhance quality of the assembly. Atmel has 


Table 1. ADC or Digital I/O Sample Mode 


Bus Interface 
I/O Mapped 


I/O with Internal 
DMA Byte Transition 
DMA Array Transition 


developed the IEEE1148 boundary scan supermacro. Utilizing 
the reconfigurable logic capability of the AT6000 family, the 
boundary scan function may be loaded into the device, diagnos- 
tics performed, and then the device can be reconfigured for 
other logic functions. A single Atmel device may be used for 
testing and logic, with no overhead or speed penalty, as is the 
case for all other FPGAs and other ASIC devices. 


The result would be an inventory of nearly identical raw prod- 
uct assemblies, which through virtual design becomes a catalog 
full of products when shipped to the customer. Most customer 
problems can be traced back to the virtual design personaliza- 
tion process, and be repaired in the field with FPGA configura- 
tion updates. It is also possible to introduce new features into 
virtual products as soon as they are conceived, rather than wait 
until a new hardware product is designed. 


A New Paradigm in Customer 


and Supplier Relations 

New ways of doing business will develop between suppliers 
and their customers in a “virtual product world.” The customer 
must realize that the cost of product development is amortized 
in the customized virtual product. The cost of a new personal- 
ization may be nearly the same as a complete product. 


A virtual product is obsolete when the need for a personaliza- 
tion ceases to exist, as opposed to when the product assembly 
wears out. 


Data Acquisition Example 

The Data Acquisition system shown in the accompanying fig- 
ure is one where a family of products is desired but only one 
assembly will be manufactured. The intent is to offer a Multiple 
Channel Analog-to-Digital conversion and 16 digital I/O chan- 
nels, and multiple digital timers for setting sample periods. The 
product will be a PC-AT bus card that supports various combi- 
nations of data transfer protocols. It is conceivable that different 
Classes of customer will want use a specific setup exclusive of 
all others, and not understand why anyone would want to work 
any other way. Putting the features into a matrix shows how 
many potential products are possible from this set of compo- 
nents (see Table 1). 
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The result is over 16 products that are different in their data path 
and protocol approach. It is possible that all of these protocols 
and data path structures can be implemented in a single 2,000- 
to 5,000-gate FPGA. Cache logic makes the fitting of the proto- 
col in 2,000 to 5,000 gates possible. This is because each data 
path protocol combination still needs to be programmable. 
Items such as timer periods, I/O direction and grouping, the use 
of each interrupt and timer output, and DMA address counters 
can be implemented using cache logic, saving circuit redun- 
dancy and complexity. 


Timer Periods 

The timers can be compiled in a structured format. The user 
defines the number and period of timers required. Each timer 
contains an N-bit counter, and an M-value decoder, where M is 
the count equal to the desired period. The Atmel symmetric ar- 
chitecture makes the creation of macros from a high level de- 
scription straight forward. An area for timers is included in the 
FPGA. The configuration data for that area is compiled accord- 
ing to customer description. The customer would receive a 
compiler program, and not a set of pre-defined configuration. 


I/O Direction 

The FPGA has flexible, individually programmable I/O. There 
is no reason that a description of the I/O direction and byte 
grouping could not result in the appropriate configuration of 
that area of the FPGA. The grouping of the I/Os into bytes is 
made by a cross-point switch. The cross-point switch is im- 
plemented using FPGA programmability. The only requirement 
in the development of the product is the allocation of sufficient 
resources in the FPGA for the cross-point area. A byte grouping 
description by the user would then result in configuration 
information for enabling the proper pass gate connections in 
that section of the FPGA. 


Figure 1. Cache Logic Concept 
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Timer and Interrupt Usage 

In a data acquisition circuit interrupts and timer outputs are used 
by many parts of the circuit. Time is required to set the period 
of a digital or analog sample. As the digital I/O control function, 
the interrupt and timer outputs can be routed to various combina- 
tions of control inputs, PC bus or internal logic of the data ac- 
quisition chips. This flexibility, although like a cross-point 
switch, would be more of a channel routing function. A set of 
routing resources is used for the connection of various program- 
mable inputs and outputs with access to the reserved channel 
area. 


DMA Address Generation 

In designs using DMA, the DMA address is stored in a register 
or counter, depending on the mode. This counter is compiled 
based on software requirements. 


FPGA Configuration 

Figure 1 shows the configuration of the FPGA SRAM: control- 
ling its functionality and hookup are a patchwork of configura- 
tion information from various sources. Some are a base config- 
uration file used by all products, others from look-up tables or 
macro compilers. The Atmel FPGA would allow items such as 
timer periods, or DMA address values to be updated continu- 
ously, without effecting the operation of unrelated logic. The 
advantage of cache logic is the elimination of redundancy. 
Cache logic allows the creation of any structure from the digital 
medium. In traditional designs a circuit would have redundancy 
for each anticipated eventually, and the control to enable and 
disable it as well. Even if an application used all possible fea- 
tures, some circuits would be idle, since some combinations 
would never occur concurrently. 


DYNAMICALLY RECONFIGURABLE 
6000 FPGA 
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The creation of FPGA configuration files from a high-level de- 
scription is not an easy task. The manufacturer of a virtual prod- 
uct will need to make the description of the final configuration 
as intuitive as possible for the end customer. Given equal raw 
product assemblies the virtual product, like the fixed product 
that is easiest to use, will be the most successful. The FPGA 
manufacturer’s responsibility is to the manufacturer. The FPGA 
configuration and architecture must be easy to grasp, and the 
configuration process must be readily available. A set of com- 
pilation development tools and example like this data acquisi- 
tion product will help to make the manufacturer more comfort- 
able with the implementation of cache logic designs. 


Benefits 
There are several benefits of this approach to data-acquisition 
and other instrumentation suppliers: 


1. New functionality may be added to existing hardware, 
without having to make modifications to the board. 


2. The hardware may be tailored to the application, resulting 
in higher system performance across a broad range of 
applications. 

3. Overall system reliability is improved by reducing the 
number of physical products and utilizing boundary scan 
macros for manufacturing and system testing. 


4. Overall product life cycle costs are significantly reduced 
by using reusable software and hardware: 


* lower development costs 

* lower inventory costs 

* quicker time to market 

* fewer parts on the board 

* lower power consumption 
* lower total system cost 


Summary 

To many people the ideal of a virtual product is a futuristic con- 
cept. The FPGA of today is a virtual product. It is available and 
dependable. The Atmel FPGA and its abilities to implement 
cache logic make it a foundation for other virtual products. De- 
sign with this new technology has been commercially demon- 
strated. Today’s design methodology, that requires a new prod- 
uct for each new function, will be replaced by the virtual prod- 
uct. The needs of both customers and suppliers, with custo- 
mized products and improved quality; while reducing product 
development time and cost and attaining economies of scale by 
high volume production. 
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High-Speed, Loadable 
16-Bit Binary Counter 


By Frederick Furtek 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment a fast synchronous, loadable 16-bit bi- 
nary counter that operates at 70 MHz on 
and off chip under the worst commercial 
operating conditions. The use of prescaled 
logic to generate the carry-enable signals 
for each count bit allows faster operation 
than traditional carry-enable generation 
methods. The 16-bit counter is very com- 
pact, yet the inputs and outputs are readily 
accessible. 


Description 

Figure 1 shows a block diagram representa- 
tion of the counter architecture and I/O. 
CLK is the clock signal, RST is the reset 
signal, and LOAD is the load data signal. 
CE is the count enable signal. CLK is a pos- 
itive, edge-triggered synchronous signal, 
RST is an active low, asynchronous signal, 
and LOAD is an active low, synchronous 
signal. Pins Do through D15 are the load 
data inputs, pins Qo through Q15 are the 
count bits. Pin Cj is the carry in, Co is the 
carry out. Toggle flip-flops are used as the 
register elements for each bit of the counter. 


Figure 1. Architecture and I/O of 16-Bit Counter 
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They toggle on the rising edge of CLK when their RST, CE, and 
T inputs pins are high and the LOAD pin is low. 


Initial power-up of the AT6000 device resets all the registers so 
the counter begins counting on the first rising edge of CLK if Ci, 
RST, and CE are set high and LOAD is set low. The circuit 
counts by allowing each register element to toggle in succession 
on the rising edge of CLK if the Q outputs of all prior elements 
are asserted. 


Asserting RST at any time inhibits counting, but also resets the 
registers to low values. 


Figure 2 shows the implementation of a register element in the 
16-bit counter logic architecture. The Q output of this circuit 
will toggle if T and CE are high and LOAD is low on the rising 
edge of CLK. If CE and LOAD are low, then Q will not change, 
regardless of T. If CE is high and LOAD is low, then Q will 
remain the same if T is low upon the rising edge of CLK. 


Figure 2. Schematic of 16-Bit Counter Register Element 


LOAD D 


To load a value into the counter, LOAD is set high and CE is set 
low before the rising edge of CLK. The value is latched into the 
register elements on the rising edge of CLK. 


CE should then be held low until after the next rising edge of 
CLK to allow the carry-enable logic time to recalculate the T 
inputs for each register element. The carry-enable logic is the 
chain of two-input AND gates that generates the T signal inputs. 


If LOAD is asserted for one clock cycle and CE is low for two 
clock cycles, the data at Do-15 is loaded into the registers on the 
first clock cycle, and the counting continues from the newly 
loaded value on the second cycle (Figure 3). 


During the LOAD cycle, when the data at Do-15 is clocked into 
the counter, the carry-enable logic must have time to generate 
and propagate the results to every bit. Since an arbitrary number 
at Do-15 can cause a carry-enable signal to propagate along the 
entire length of the carry-enable chain, the critical path during a 
LOAD operation has the potential to pass through 14 AND gate 
(AN2) stages before entering the last register element. By hold- 
ing the CE signal low an extra clock cycle to inhibit the count- 
ing operation (as shown in Figure 3), the carry-enable logic has 
additional time to propagate the correct values to each bit. 


During normal operation Qo, the least-significant bit of the 
counter, is also a fast carry-enable signal. As shown in Figure 4, 
the CE inputs of each register element ahead of the first bit are 
tied to the Qo. All bits greater than Qo must wait for Qo to switch 
from low to high before they can change on the rising edge of 
CLK. As the more significant bits change, their values trickle 
forward through the two-input AND gates that form the carry- 
enable logic to the T inputs of succeeding register elements. 
Distributing Qo in this manner allows an extra clock cycle for 
the chain of two-input AND gates to calculate the carry-enable 
signal for the T input of each register element. 


The exact layout of the fast carry-enable logic for the first sev- 
eral bits of the 16-bit counter is shown in Figure 5. By replicat- 
ing and concatenating the circuitry surrounded by the dotted 
box, the entire counter function is realized. The AN2 gates feed 
two-input XOR gates, (XO2). The FODMUX macro provides a 
two-to-one multiplexer feeding the input of a D-type flip- 
flop in a single cell. The MUX macro is a one-cell two-to-one 
multiplexer. 


The performance and utilization statistics are given in Table 1. 
Both implementations are available in schematic and layout 
form. 
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Figure 3. Timing Diagram of Counter Load Cycle 
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Figure 4. Schematic of Counter Architecture 
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Figure 5. Layout of Counter Architecture 
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Table 1. Statistics for 16-Bit Counter Implementation 


Cell Minimum Bounding Maximum Maximum 
Counter Count'") Box (X x Y) Counting Speed() Loading Speed‘) 


16Bt =| 96 17x7 14.2 ns / 70 MHz 22.7 ns / 44 MHz 


Notes: 

1. Includes cells used as wires. 

2. Worst-Case Commercial Operating Conditions: CLK — Co, 70°C, 4.75 V. 
3. Worst-Case Commercial Operating Conditions: LOAD — Co-15. 
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Compact, Loadable 
16- and 32-Bit Binary Counters 


Introduction 

The AT6000 Series architecture accommo- 
dates dense, synchronous, loadable binary 
counters. A 16-bit counter counts at 42 
MHz, and a 32-bit at 36 MHz in AT6000-2 
devices. Both counters are very compact, 
yet their inputs and outputs are readily ac- 
cessible. 


Description 

Figure 1 is a block diagram representation 
of the I/O and architecture for a 16- or 32- 
bit counter. Pin CLK is the clock signal, 
RST the reset signal, and LOAD the load 
data signal. CLK is a positive, edge-trig- 
gered synchronous signal, and LOAD is an 
active low, synchronous signal. Pins Do 
through Dj5, 31 are the load data inputs, and 


pins Qo through Q15, 31 are the count bits. 
Pin Cj is the carry in; Co is the carry out. 


4-bit synchronous loadable binary counters 
are used to compose larger 16- or 32-bit 
counters. These 4-bit counters toggle on 
the rising edge of CLK when their RST is 
high and LOAD is low. 


Initial power-up of the AT6000 device re- 
sets all the registers. The counter begins 
counting on the first rising edge of CLK if 
Cj and RST are set high and LOAD is set 
low. The circuit counts by allowing each 4- 
bit counter stage to toggle in succession on 
the rising edge of CLK if the Q outputs of 
all prior stages are asserted. Asserting RST 
at any time inhibits counting, but also re- 
sets the 4-bit counters to low values. 


Figure 1. Architecture and I/O of 16-Bit or 32-Bit Counter 
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Figure 2 shows the implementation of the 4-bit counter stage 
used in the 16- and 32-bit counter architectures. A Q output in 
this circuit will toggle if Cj is high and LOAD is low, and all 
prior Q output are asserted upon the rising edge of CLK. If Ci 
and LOAD are low, then Q will not change. This circuit exists 
as a predefined marco library element called CRP4. 


To load a value into a 16-bit counter, LOAD is set high prior to 


the rising edge of CLK. The value is latched into the CRP4 | 


stages on the rising edge of CLK. 


LOAD should then be held low until after the next rising edge 
of CLK to allow the carry-enable logic time to recalculate the 
carry-enable bit for each CRP4 stage. The carry-enable logic is 
the chain of two-input AND gates that generates the Cj signal 
inputs for each CRP4 stage. In Figure 3, if LOAD is asserted for 


Figure 2. Schematic of a 4-Bit Counter Macro CRP4 


Figure 3. Timing Diagram of Counter Load Cycle 
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two clock cycles the data at Do-15 is loaded into the CRP4 mac- 
ros on the first clock cycle, and counting continues from the 
newly loaded value two cycles later 


During the LOAD cycle, when the data at Do-15 is clocked into 
the 16-bit counter, the carry-enable logic must have time to gen- 
erate and propagate the results to every bit. Since an arbitrary 
number at Do-15 can cause a carry-enable signal to propagate 
along the entire length of the carry-enable chain, the critical 
path during a LOAD operation has the potential to pass through 
17 AND gates (AN2) before entering the last register element. 
By holding the LOAD signal low an extra clock cycle to inhibit 
the counting operation (as shown in Figure 3), the carry-enable 
logic will have additional time to propagate the correct values 
to each bit. 
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Figure 4 shows the detailed schematic of a 16-bit counter parti- 
tioned into four stages. During normal operation Qo, the least- 
significant bit of the counter, is also a fast carry-enable signal. 
All bits greater than Qo must wait for Qo to switch logic levels 
before their carry-enable logic stabilizes. Qo is distributed to all 
four CRP4 macros in an attempt to balance and minimize the 
propagation delay of Qo to the Cj of the more significant CRP4 
macros. For example, as the more significant bits in the first 
Stage are asserted, their values trickle through the two-input 
AND gates (AN2) that form part of the carry-enable logic. 
When all the more significant bits are asserted and Qo switches 


Figure 4. Schematic of Counter Architecture 


LOAD Dis ! 


Table 1. 16- and 32-Bit Counter Performance Comparison 


Cell Minimum Bounding 


Count") Box (X x Y) 
76 10x8 
18x8 


Counter 


szet | 136 
Notes: 
1. Includes cells used as wires. 


2. Worst-Case Commercial Operating Conditions: CLK — Co, 70°C, 4.75 V. 
3. Worst-Case Commercial Operating Conditions: LOAD —> Qo-15, 31. 


from low to high on the rising edge of CLK, the carry-enable 
signal to the Cj input of the second CRP4 is enabled. While its 
Cj signal is asserted, the CRP4 in the second stage counts on the 
rising edge of CLK. 

By replicating and concatenating the circuitry surrounded by 
the dotted box, larger counter functions are realized. The per- 
formance and utilization statistics for the 16- and 32-bit count- 


ers are given in Table 1. Both implementations are available in 
schematic and layout form. 


Maximum 
Loading Speed) 


55.5 ns / 18 MHz 
83.3 ns / 12 MHz 


Maximum 
Counting Speed!) 


22 ns / 45 MHz 
35.7 ns / 28 Mhz 
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16-Bit Up/Down Counter/Shift Register 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment a synchronous, 16-bit Up/Down 
Counter/Shift Register that operates at 22 
MHz under the worst commercial operat- 
ing conditions. In this circuit is most of the 
combined functionality of the 74193 
Up/Down Counter and 74194 Bidirectional 
Shift Register TTL components. It would 
take eight discrete TTL components to im- 
plement an 16-bit Up/Down Counter/Shift 
Register. Nearly the same function can be 
achieved in a AT6005 using less than 8% of 
the available logic. 


Description 

Figure 1 shows a block diagram of the 
counter/shifter. Pin CLK is the clock sig- 
nal, RST the reset signal, and LOAD the 
count/shift control signal. CLK is a posi- 
tive, edge-triggered synchronous signal, 
RST an active low, asynchronous signal, 


Figure 1. 16-Bit Up/Down Counter/Shifter 
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and LOAD an active low, synchronous sig- 
nal. Pins Qo through Q15 are the count bits. 
Pins Cin and Cout are the carry-in and carry- 
out signals. Pins Cinb and Coutb are the 
Carry-in borrow and carry-out borrow sig- 
nals. SHFT_U/D and CNT_U/D control 
the direction of the shift and count opera- 
tions. DATAUP and DATADN are the 
shift-up and shift-down serial data inputs 
for the shifting operation. 


The output of a 16-bit fast ripple-carry 
counter is input into a bidirectional shifter 
that shifts the data inputs up or down one 
bit position. The output of the shifter is fed 
back to the parallel data inputs (Do-15) of 
the counter. When LOAD is set high, the 
output of the shifter is ignored and the 
counter increments or decrements depend- 
ing on the CNT_U/D. If LOAD becomes 
unasserted, the counting operation is inhib- 
ited, and the shifter provides the shifted 
count at Qo-15 to the parallel data inputs of 


DATADN 
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the counter. While LOAD remains low, the counter essentially 
acts as a shift register, and will shift the data at Qo-15 either up 
or down depending on SHFT_U/D. 


Initial power-up of the AT6000 device resets all the registers in 
the counter/shifter. While LOAD and RST are asserted, incre- 
mental counting commences if CNT_U/D and Cin are asserted 
before the rising edge of CLK. Decrement counting commences 
if CNT_U/D is unasserted and Cinb is asserted before the rising 
edge of CLK. 


If LOAD is set low, the circuit becomes a shift register on the 
rising edge of CLK. The CNT_U/D, Cin, and Cinb signals are 
ignored, and control of the circuit is determined by SHFT_U/D, 
DATAUP, and DATADN. If SHFT_U/D is asserted, the data at 
Qn will be shifted to Qn+1 on the rising edge of CLK. The value 
present at DATAUP is shifted to Qo. Down shifting occurs 
when SHFT_U/D is set low. 


The Up/Down Counter/Shifter must be serially loaded with a 
starting value. 


Although Figure 1 shows that the 16-bit counter has a parallel 
load capability, the data inputs of the counter are already driven 
by the shifter. While LOAD is low, counting is inhibited. With 
the proper control of SHFT_U/D, any 16-bit value can be 
shifted serially into the register through the inputs DATAUP or 
DATADN. When the register is loaded with the correct value, 
Up/Down counting can begin on the first rising edge of CLK 
after LOAD is set high. Parallel loading of the start value is the 


Figure 2. Timing of Load/Count Operation 
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only feature not inherent in the circuit that is present in the 
74193 TTL device. Figure 2 shows the timing of the count/shift 
operation. 


The schematic in Figure 3 shows the detailed implementation of 
the circuit. The FDHA macro is a half-adder sum that feeds a 
D-type flip-flop. Together with the MUX two-to-one multi- 
plexer macros and the SELBUFS selector macros, an Up/Down 
counter with parallel load is constructed using only six cells per 
bit. SELBUFS macros enable the carry generation logic for 
each bit of the counter to be implemented in only one cell. The 
chain of SELBUFS macros that forms the carry-generation 
logic is also the critical path of the circuit. In the layout of this 
counter the least-significant bit Qo is distributed to the carry-en- 
able logic of the other more significant bits. Distributing Qo will 
improve the performance by minimizing the delay through the 
critical path for both up-counting and down-counting. 


MUX macros are used to form the shifter portion of the circuit. 
The inputs into each MUX of the shifter will be the Qn-1 and 
Qn+1 Outputs of the counter, and the output of the shifter will 
feed the n" parallel data input of the counter. At the least- and 
most-significant bits, the MUX macros will use DATAUP and 
DATADN as inputs. 


The performance and utilization statistics for the 16-bit 
Up/Down Counter/Shifter are given in Table 1. This im- 
plementation is available in schematic and layout form. 
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Figure 3. Schematic of Counter Figure 
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9-Bit Programmable Terminal Counter 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment synchronous, programmable 9-bit ter- 
minal counters optimized for speed or lay- 
out area. A high-performance version is 
available that can operate at 33 MHz under 
the worst commercial operating conditions. 
If layout area is a consideration, a 33% 
smaller version is available that can still op- 
erate at 28 MHz worst case. An additional 
feature inherent in both counters is the ability 
to continue counting while a terminal value 
is being loaded into the terminal register. 


Description 

Figure 1 shows a block diagram of the 
counter. Both versions have essentially the 
same architectural structure. Pin CLK is the 
clock signal, RST the reset signal, and 
LOAD the load terminal value signal. CLK 
is a positive, edge-triggered synchronous 
signal, RST an active low, asynchronous 
signal, and LOAD an active low, synchro- 
nous signal. Pins Do through Dg are the ter- 
minal value inputs, and pins Qo through Qg 
are the count bits. Pins Cj and Co are the 
carry-in and carry-out signals. 

Initial power-up of the AT6000 device re- 
sets all the registers in the counter and ter- 
minal register. Counting does not com- 


Figure 1. 9-Bit Programmable Terminal Counter 
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mence until a terminal value has been loaded into the terminal 
register. Any 9-bit value can be loaded into the terminal register 
through the inputs Do-g by holding LOAD low during the rising 
edge of CLK. Assuming C; is asserted, the counter increments 
on the rising edge of CLK until the terminal value is reached on 
the outputs Qo-s. On the next rising edge of CLK, the counter is 
synchronously reset to zero. Figure 2 shows the timing of the 
terminal value load and count operations for the circuit. 


The schematic in Figure 3 shows the detailed implementation of 
the high-speed version of the circuit. The FDMUX macro is a 
two-to-one multiplexer that feeds a D-type flip-flop. A terminal 
value register composed of FODMUX macros lets a terminal 
value be loaded synchronously through Do-s. The terminal 
value register holds the previously loaded value at its outputs. 
Counting does not commence until a non-zero value is loaded 
into the terminal value register. 


A synchronous ripple-carry counter begins counting after a ter- 
minal value has been loaded into the terminal register. The 
counter is composed of FD, XO2, and AN2 macros—D-type 
flip-flops, two-input exclusive OR gates, and two-input AND 
gates respectively. Outputs Qo-3 feed into a comparator circuit 
composed of INV inverter gate, X02, and AN2 gates. The out- 
put of the comparator controls the initialization of the counter 
by checking Qo-g against the terminal value. When Qo-g is 


Figure 2. Timing of Load/Count Operation 


equivalent to the terminal value, the counter is reset to zero on 
the next rising edge of CLK. 


The critical path of the circuit starts at Qo, the first bit of the 
counter, travels through the comparator, and then back to the 
input of the first counter bit. Performance is enhanced by break- 
ing the chain of AN2 gates in the comparator into three- and 
four-gate segments (Figure 4), then combining the output of 
each segment with a two-input NAND macro called ND2. By 
gating the D-type flip-flops of the counter with the output of the 
comparator, path delay is minimized and performance is en- 
hanced. 


Figure 5 shows the detailed schematic for the compact version. 
The terminal value register is exactly the same as in the high- 
speed version, but the outputs of the register are not inverted as 
they enter the 9-bit comparator. Instead, the outputs of the 
counter are inverted as they enter the comparator, thus improv- 
ing layout compactness. An FDXOAN3 macro, a complex gate 
structure feeding a D-type flip-flop, is used to implement the 
9-bit synchronous ripple-carry counter in only nine cells. As in 
the high-speed version, the critical path also resides in the com- 
parator portion of the circuit. 

The performance and utilization statistics for both versions are 


given in Table 1. Both implementations are available in sche- 
matic and layout form. 
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Figure 3. High-Speed Programmable Terminal Counter Architecture 
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Figure 4. Schematic of Comparator Circuit 
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16-Bit Carry-Select Adder 


By Frederick Furtek 


Introduction 

Ripple-carry adders are the simplest and 
most compact adders (they require as little 
as four cells per bit in the AT6000 architec- 
ture), but their performance is limited by a 
carry that must ripple from the least-signif- 
icant to the most-significant bit. A carry-se- 
lect adder implemented in the AT6000 
achieves speeds 40% to 90% faster by per- 
forming additions in parallel and reducing 
the maximum carry path. 


Description 

A carry-select adder is divided into sectors, 
each of which—except for the least-signif- 
icant—performs two additions in parallel, 
one assuming a carry-in of zero, the other a 
carry-in of one. The 16-bit carry-select 
adder of Figure 1, for example, is divided 
into sectors of lengths 1, 2, 3, 4, and 6, pro- 
ceeding from least-significant to most-sig- 
nificant bit. The 4-bit sector of Figure 2 
illustrates the general principle. 


Figure 1. 16-Bit Carry-Select Adder 
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Within the sector, there are two 4-bit rip- 
ple-carry adders receiving the same data in- 
puts but different carry-ins. The upper 
adder has a carry-in of zero; the lower 
adder a carry-in of one. The actual carry-in 
from the preceding sector selects one of the 
two adders. If the carry-in is zero, the sum 
and carry-out of the upper adder are se- 
lected. If the carry-in is one, the sum and 
carry-out of the lower adder are selected. 


Logically, the result is no different than if a 
single ripple-carry adder were used. The 
difference, of course, is in performance. In- 
stead of having to ripple through four full 
adders, the carry now only has to pass 
through a single multiplexer. In the 
AT6000 implementation (Figure 3), that 
multiplexer is implemented in a single cell, 
and the carry path through the sector incurs 
only a wire delay, a local-bus delay, and a 
multiplexer delay. Table 1 lists sizes and 
speeds for 16-bit ripple-carry and carry-se- 
lect adders implemented in the AT6000. 


3-BIT 
CS ADDER 


Field 


Programmable 


Gate Array 


Application 
Note 


6-35 


Figure 2. 4-Bit Sector (Schematic) 


Table 1. Statistics for 16-Bit Adders 


vet) Minimum Bounding Maximum Maximum 
16-Bit a Count! Box (X x Y) Speed (-4)(?) Speed (-2)'2) 


| RippleCary = | 64 |  2xs2 | 111.9ns/8.9MHz 67.7 ns / 14.7 MHz 
FastRippleCary | 96 | 6x16 | 87.2ns/11.4MHz | 51.6ns/19.3MHz 
Carry Select | 222 | x 37Ss| Ss 3.4m /15.7MHz | 35.8ns/27.9MHz 


Notes: 
2. Worst-Case Commercial Operating Conditions: 70°C, 4.75 V. 


1. Includes cells used as wires. 
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Ripple-Carry Adders 


By Frederick Furtek 


Introduction 

With a NAND and an XOR available si- 
multaneously in a single cell, the AT6000 
architecture is ideally suited for implement- 
ing arithmetic operations, including parallel 
adders. Ripple-carry adders—the simplest 
and most compact parallel adders—require 
as little as four cells per bit, and one layout 
has a carry delay of only one cell per bit. 


Description 

In the AT6000 architecture, a NAND and 
an XOR—basic building blocks of binary 
arithmetic—are available simultaneously 
in a single cell. The NAND/XOR is used in 
making full adders (FAs), which, in turn, 
are used in creating parallel adders. 


Figure 1. Full Adder: Compact Layout 
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A full adder has three binary inputs—two 
addends and a carry_in, and two outputs— 
sum and carry_out. The sum is the exclu- 
sive OR (XOR) of the three inputs, while 
Carry_out is the majority (two out of three) 
of the three inputs. The simplest and most 
compact full-adder layout in the AT6000 
architecture uses just four cells (Figure 1). 
The carry_in and carry_out, moreover, are 
aligned so that an n-bit adder occupying 4n 
cells is created by simply abutting n full 
adders. An 8-bit parallel adder constructed 
from these adders uses only 32 cells (Fig- 
ure 2). 
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A second full-adder layout (Figure 3) uses six cells, plus a local Figure 2. 8-Bit Ripple-Carry Adder 
bus, but the carry now propagates through only one cell per bit 
instead of the two cells per bit of the adder in Figure 1. This 
reduced delay in the carry path produces ripple-carry adders 
that run about one-third faster. An examination of the circuit 
shows that the sum output is still the XOR of the three full- 
adder inputs (the adder has only three distinct inputs and two 
distinct outputs; the carry_in and carry_out signals are repli- 
cated to satisfy the needs of the layout). The carry_out is still the 
majority of the three inputs although it is now constructed from 
two AND gates feeding an XOR. A little Boolean algebra 
shows that the function is identical to the three NAND gates 
used above (Figure 1) to produce the carry_out. 


The size and performance of various ripple-carry adders are 
summarized below for the -4 and -2 speed grades (Table 1). 


Figure 3. Full Adder: Fast Layout 
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Table 1. Statistics for Ripple-Carry Adders 


Cell Minimum Bounding Maximum Maximum 
Adder Count)(") Box (X x Y) Speed (-4)(°) Speed (-2)(2) 


8-Bit Ripple Carry 64 2x 16 59.1 ns / 16.9 MHz 35.7 ns / 28.0 MHz 
8-Bit Fast Ripple Carry 48 6x 16 51.2 ns / 19.5 MHz 30.0 ns / 33.3 MHz 


16-Bit Ripple Carry 64 2 x 32 111.9 ns /8.9 MHz 
16-Bit Fast Ripple Carry 96 6x 16 87.2 ns / 11.4 MHz 
32-Bit Ripple Carry 


159.2 ns / 6.2 MHz 94.8 ns / 10.5 MHz 


Notes: 
1. Includes cells used as wires. 
2. Worst-Case Commercial Operating Conditions: 70°C, 4.75 V. 
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Barrel Shifter 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) allows the designer to 
implement fast compact 8-bit barrel shift- 
ers, and modular shifters that can be easily 
sized for specific needs. Performance is en- 
hanced by a unique feature of the busing ar- 
chitecture that enables the select control 
lines to be distributed across the data path 
with minimal skew, and a cell architecture 
that allows a _ two-to-one multiplexer 
(MUX) to be realized in just one cell. 


Description 

Figure 1 shows the fast, compact barrel 
shifter. Depending on the encoded shift 
control lines, So-2, the data inputs Do-7 are 
shifted when they reach the outputs Qo-7. If 
So is asserted and S and S2 are unasserted, 
the value at Do-7 is passed to the next most 
significant Q output. For example, Do is 
passed to Q1, and Di passed to Q2, while D7 
wraps around and is passed to Qo. If none of 
the shift controls are asserted, the data in- 
puts Do-7 are passed to the corresponding 
outputs Qo-7 without being shifted. 


Figure 1. Fast, Compact Barrel Shifter with Encoded Shift Control 
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Figure 2 shows the modular barrel shifter. The shift line So-¢ is 
coded such that the data is shifted one bit position for every shift 
line that is asserted. The bit-width and depth of the modular 
barrel shifter can be easily expanded because of the efficient 
interconnections network. Each multiplexer output connects to 
its two nearest neighbors in the next column. The multiplexers 
on the borders are easily connected via a local bus wire. Bit- 
slice structures of arbitrary bit-width can be composed and then 
concatenated to form barrel shifters tailored to specific design 
needs. 


The implementation in Figure 1 is faster because it contains 
fewer multiplexers. The critical path of the second implementa- 
tion has more than twice as many MUX cells in series. The 


Figure 2. Modular Barrel Shifter with Non-coded Shift Control 


delay through a multiplexer cell is 2.7 times the delay through 
a wire cell, so the delay through three wire cells is approxi- 
mately equal to the delay through one multiplexer cell. With 
both implementations being approximately the same size, and 
the critical paths containing about the same quantity of cells, the 
path with the lesser amount of multiplexers will be faster. 


Figures 1 and 2 reflect the relative physical placement of the 
logical cells that compose the barrel shifter function and the 
busing structure that performs the interconnection. 


Table 1 gives performance and utilization statistics for both im- 
plementations. Both implementations are available in sche- 
matic and layout form. 


Table 1. Statistics for Barrel Shifter 


Cell 


Version Count’) 


Fast (3 Control Bits, Encoded) 112 


Modular (7 Control Bits, Encoded) 126 


Notes: 
1. Includes cells used as wires. 


Maximum 
Speed(2) 


28 ns / 35.7 MHz 
44 ns / 22.7 MHz 


Minimum Bounding 
Box (X x Y) 


8x 14 
13 x 10 


2. Do-7 > Qo-7. Worst-Case Commercial Operating Conditions: 70°C, 4.75 V. 
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24-Bit Magnitude Comparator 
with 50 ns Response 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment a magnitude comparator that can 
compare two 24-bit binary integers in 50 ns. 


Description 

Figure 1 shows the structure of the magni- 
tude comparator. Given two numbers Ao-23 
> Bo-23, the output GT will become as- 
serted. If Ao-23 is less than or equal to Bo-23, 
GT remains unasserted. 


The logic necessary to compare two num- 
bers can be derived iteratively according to 
four equations. The first two determine the 
largest number: 


Ly Th = AnBn’ 
For n = 0, where n is the significant bit. 
2. Tr = AnB,’ + Tn-1(An + Bn’) 


For n = 1 to 23, where n is the signifi- 
cant bit. 


The second two determine if the numbers 
are equal: 


5. En = An’ Bn + AnBn’ 
For n = 0, where n is the significant bit. 
4. En = (An’ Bn + AnBn' ) + En-1 


For n = 1 to 23, where n is the signifi- 
cant bit. 


Figure 1. Structure of 24-Bit Magnitude Comparator 
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Equation Tn could be used exclusively to generate the logic for 
GT, but the circuit would have a delay equivalent to 48 two- 
input NAND (ND2) gates for the worst-case comparison 
conditions. 

To improve performance, the comparator is partitioned into 
three stages that each compare 8-bit portions of the two num- 
bers. Thus, the parallel comparison of the three 8-bit portions of 
both numbers is faster than a single 24-bit implementation. The 
delay through an 8-bit stage is equivalent to 16 two-input 
NAND (ND2) gates. 


Figure 2. Implementation of Magnitude Comparator 
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Within each stage, the circuitry performs a bit-wise comparison 
starting between the most significant An and Bp bits within each 
stage, and asserts stage T(m+ 1)(N/3)-1 (where stage m is 0 through 
2, and N = 24 the bit-width of the compared numbers), if the 
most significant An is asserted and Bn is unasserted (An > Bn). 
If the most significant An and Bn bits are equal, then a pair of 
lesser significant bits within the stage must determine if the 
magnitude of the aggregate quantity of A bits is greater than the 
B bits in stage m. Also, the circuitry within each stage performs 
a bit-wise comparison on each pair of bits and asserts 
E(m+1)(N/3)-1 if the 8-bit portions are equivalent. 
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Figure 3. Magnitude Comparator is Composed of Three 8-Bit Stages 
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The T(m+1)(N/3)-1 and E(m+1)(N/3)-1 Outputs from each 8-bit stage 
are fed into some logic to derive GT. This logic can be deter- 
mined according to the equation: 


1. Sm = T(m+1)(N/3)-1 


Where m = 0 is the significant stage and N = 24 the total 
number of bits. 


2. Sm = T(m+1)(N/3)-1 + E(m+1)(N/3)-1Sm-1 


For m = 1 to 2, where m = 0 is the significant stage and 
N =24 the total number of bits. 


The final result S2 is equivalent to GT. 


Precedence in determining magnitude is given to the most sig- 
nificant stage in which the bit portions are different when all 
other more significant stages have equivalent bit portions. For 


Table 1. Statistics for 24-Bit Magnitude Comparator 


Cell Minimum Bounding 
Box (X x Y) 


12x33 


Count'") 


example, if T15 and Eis become unasserted, which means that 
the B bits are of greater magnitude than the A bits, and E23 as- 
serts that the A and B bits in its more significant stage are equiv- 
alent, then GT will remain unasserted regardless of the results 
in the less significant stages. 


The equations for Tn and En can be implemented as shown in 
Figure 2. FA] is a single-bit full-adder macro that is combined 
with inverters (INV) and two-input AND gates (AN2) to realize 
the function for Tn and En. A 24-bit comparator is built as 
shown in by composing three 8-bit stages and using the Sn logic 
to link each stage (Figure 3). 


Performance and utilization statistics for the magnitude compa- 
rator are given in Table 1. This implementation is available in 
schematic and layout form. 


Maximum 
Delay’) 


50 ns / 20 MHz 


Notes: 
1. Includes cells used as wires. 
2. Ao — GT. Worst-Case Commercial Operating Conditions: 70°C, 4.75 V. 
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16-Bit Four-to-One Multiplexer 
with 15-ns Delay 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment a 16-bit, four-to-one multiplexer 
with a 15-ns delay from the select control 
to the most significant output bit. Perfor- 
mance is enhanced by a unique feature of 
the busing architecture that enables the select 
control lines to be distributed across the mul- 
tiplexer data path with minimal skew. 


Description 

Figures 1 and 2 show the relative physical 
placement of the logical cells that compose 
the multiplexer function and the busing 
structure that performs the interconnec- 
tion. Four 16-bit input buses, Ao-15, Bo-15, 
Co-15, and Do-15, can be multiplexed to a 
16-bit output bus Fo-15. Two select lines So 
and S; determine which of the input buses 
are multiplexed to the output. Figure 1 
shows several four-to-one multiplexer 
bits, each implemented in four cells. A cell 
can be configured as a two-to-one multi- 
plexer (MUX21). Every MUX21 is tied to 
either the So or S; select lines. So controls 
32 MUX21 cells, and Si controls 16 
MUX21 cells. 


Typically, distribution of a signal to such a 
large number of cells would cause unac- 
ceptable skew between the cells closest 
and furthest from the source. By aligning 
the multiplexers, and routing a single wire 
to every one, the most efficient signal dis- 
tribution method is realized. However, the 


load on the wire might unacceptably de- 
crease its slew rate. Buffering the wire 
after routing it to a certain number of mul- 
tiplexers would improve the slew rate, but 
additional cells would be required for the 
buffering. Skew would also be introduced 
as buffer stages are added to the distribu- 
tion network. Other signal distribution 
methods have been shown to have minimal 
skew and optimal slew rate, but they re- 
quire more logic resources. 


Using express buses, skew is minimized 
and slew is improved by segmenting the 
load along each signal. Figure 2 shows that 
the express and local buses can distribute 
So and S; without using additional logic 
cells. So passes from a local bus into a 
repeater—a programmable  cross-bar 
buffer—and is routed onto the express bus. 
At each repeater stage, taps are taken off 
onto the local bus and into the multiplex- 
ers. Since the express bus is essentially an 
unloaded wire, its delay is much less than 
that of the local bus, which is loaded by 
multiplexer select inputs. Although signal 
propagation of So and S; is serialized from 
the source output through several repeater 
stages to the final inputs, this distribution 
method is the most efficient for perfor- 
mance and cell utilization. 


Table 1 gives performance and utilization 
statistics for the multiplexer. It is available 
in schematic and layout form. 
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Figure 1. Schematic of Multiplex Function for Figure 2. Equivalent Layout with Busing Structure 
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8-Bit, S-P/P-S “Corner-Bender” 
Data Converter 


Introduction 

With the proliferation of computer and 
voice networks that carry digitized analog 
data, data conversion applications have be- 
come commonplace. For example, the use 
of time-division multiplexing in broadcast- 
ing and receiving circuitry requires fast se- 
rial-to-parallel (S-P) and parallel-to-serial 
(P-S) data conversion. Using the AT6005 
device, two S-P/P-S corner-bender circuits 
were implemented: one optimized for area 
and power consumption, the other for speed 
and expandability. 


Description 

Figure 1 is the functional representation for 
an 8-bit corner-bender. CLK is the clock 
input signal and RST is the asynchronous 
reset. RST is active low. Pins So through $7 
are the data inputs; pins Po through P7 are 
the converted data outputs. 


The corner bender accepts 8-by-8 blocks as 
input. Each block is eight bits wide and ar- 
rives serially over eight clock cycles. The 
corner bender transforms each input block 
into an 8-by-8 output block such that bits 
aligned in parallel in the input block are 
aligned serially in the output block, and 
vice versa. 


Figure 1. Functional Representation of Corner Bender 
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The two implementations—low-area/low-power and high- 
speed/expandable—are functionally identical. Initial power-up 
of the AT6005 device resets all user registers, so the circuit be- 
gins data conversion on the first rising edge of CLK after con- 
figuration. 


In serial-to-parallel mode, the Po-7 outputs remain low for the 
first seven clock cycles. After the rising edge of the eighth clock 
cycle, the first 8-bit serial data word from So is available at the 
Po.7 outputs. The S: serial word is available after the rising edge 
of the next clock (Figure 2). Subsequent serial words are avail- 
able on the rising edge of every clock until RST is asserted. 
Asserting RST at any time clears the registers and inhibits the 
conversion. 


The first implementation minimizes area and power consump- 
tion, but still operates at up to 22 MHz in the AT6005-4 and 31 
MHz in the AT6005-2. 


Figure 3 shows the gate-level equivalent of the register block 
structure used for conversion. A single AT6005 cell is config- 
ured as a two-input multiplexer feeding a D-type flip-flop 
(FDMUX). 


After the rising edge of every eighth clock cycle, two-to-one 
multiplexers switch the direction of the data flow into the regis- 
ter from west-to-east to north-to-south. The boundary registers 
that feed the outputs, Po-7, are also switched after the rising edge 
of every eighth clock cycle. Pins Po-7 receive parallel (or serial) 
data from the boundary registers on the axis perpendicular to, 
and on the opposite side of, the serial (or parallel) data input. 


The second implementation maximizes throughput and can op- 
erate at 52 MHz (AT6005-4) and 75 MHz (AT6005-2), but re- 


quires almost twice the area and 25 percent more power per 
MHz than the first. 


A secondary set of registers is used to latch a parallel (or serial) 
8-bit word from a serial (or parallel) data register on the rising 
edge of every eighth clock cycle. Figure 4 shows the gate-level 
equivalent of the register block structure used for the conver- 
sion. The shift registers employ D-type flip-flops (FD); the sec- 
ondary registers use FOMUX macros. 


At the rising edge of every eighth clock cycle, the secondary 
registers load a parallel (or serial) 8-bit data word from the se- 
rial (or parallel) shift registers. On subsequent clock cycles, the 
parallel (or serial) words are shifted from each set of secondary 
registers until the words reach Po-7. 


The slower implementation requires fewer cells and uses less 
area, but has a longer critical path delay and hence less through- 
put than the faster implementation. In the first implementation, 
the longest interconnection occurs between the registers con- 
taining the most significant bit, So, which feeds the two-to-one 
multiplexer driving P7, MUX21 (Figure 5). 


The longest path between the register and multiplexer spans 
nearly half the circumference of the layout, which is four times 
longer than the longest path in the second implementation. Each 
flip-flop in the second circuit connects to only its two nearest 
neighbors, making the interconnects fairly equal in length. Asa 
result, the second implementation can be expanded without sig- 
nificant performance loss. Table 1 gives a comparison of the 
performance and utilization statistics for the two corner bend- 
ers. Both circuits are available in schematic and layout form. 


Figure 2. Timing Diagram of Serial-to-Parallel Corner-Bender Operation 


1 $2 ! 8 


sor X02 XO 


1 5 


fee) 
ee 
_ 


a Sq S3 


6-48 


Figure 3. Schematic of Low-Area/Low-Power Core 
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Figure 4. Schematic of High-Speed/Expandable Core 
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Figure 5. Interconnect Scheme of First Implementation 
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16-Word by 8-Bit FIFO 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment a synchronous first-in, first-out 
(FIFO) register buffer with a word width 
and depth tailored to specific design needs. 
A 16-word FIFO with each word being 
eight bits is constructed and analyzed in the 
AT6005-2 device, and shown to have 15 
MHz performance 


Figure 1. Architecture of 16 x 8 FIFO 
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Description 

Figure 1 shows a functional block diagram 
of the FIFO architecture. Data on inputs Do-7 
is latched into a particular word register on 
the rising edge of CLOCK when WRITE is 
asserted. When READ is asserted, the out- 
puts Qo-7 are driven by a new word register. 
The write and read pointers, together with 
the select decoder logic, determine the par- 
ticular register or registers that are the tar- 
get of the write operation and the source of 
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the read operation. Individual read or write operations can be 
executed every clock cycle when either the READ or WRITE 
signals are asserted. Simultaneous write and read operations are 
also possible to any one word register or combination of two 
registers. If neither the READ or WRITE signals are asserted, 
the pointers maintain their current address. After a write opera- 
tion occurs, the write pointer is automatically updated to point 
to the next word register, and then awaits the next write opera- 
tion. The read pointer allows the data of a particular word reg- 
ister to be continuously available until the next read operation, 
after which new data from the next word register is accessed. 
Essentially, the read pointer points to the last word that was read 
and the write pointer points to the next word to be written. 


Figure 2. Relative Timing of FIFO Control Signals 
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The RESET, WRESET, and RRESET signals control the ini- 
tialization of various portions of the FIFO. When RESET is set 
low, the word registers are immediately cleared. RESET is an 
asynchronous signal that causes all bits within each word regis- 
ter to be set low. WRESET and RRESET are synchronous ini- 
tialization signals for the write and read pointers. If WRESET 
is taken low and then high before the rising edge of CLOCK, the 
write pointer is set to the first word register. A write operation 
can then commence on the next rising edge of CLOCK if 
WRITE is asserted. The RRESET signal controls the read 
pointer in the exact same manner. Figure 2 shows the operation 
of the FIFO from the relative timing of the control signals. 


WRITE WRITE WRITE 
WORD_1 WORD_2 WORD_3 
READ READ EAD 
WORD_1 WORD_1 WORD_2 


En eee eee 


A schematic of the word registers is shown in Figure 3. Each bit 
of the data word is stored in an FODMUX macro, which is a two- 
to-one multiplexer feeding a D-type flip-flop. If the word regis- 
ter is selected for a write operation, the two-to-one multiplexer 
chooses Do.7 as the input to be latched into the D-type flip-flop 
on the next rising edge of CLOCK. If the word register is not 
chosen for a write operation, the two-to-one multiplexer recir- 
culates the data value already present in the D-type flip-flop. 
When a READ operation is initiated, the logic values present 
at the D-type flip-flop outputs are passed through the tri-state 
output buffers BUFZ onto an internal tri-state bus that ties to- 
gether the output of every word register. Since the inputs Do-7 
and outputs Qo-7 enter and exit on different wires, simultaneous 
write and read operation can occur on the same clock cycle. 


Incorporated into each word register is a portion of the read and 
write pointer logic. The write pointer is a controlled shift regis- 
ter that is 16 bits in length. Upon initialization the first bit in the 
shift register is set to a logical “one” value, and all other bits are 
reset low. After a write operation occurs to the first word regis- 
ter, the “one” is passed to the next bit in the write pointer shift 
register at the rising edge of CLOCK. This “one” bit will 
continue to loop around the shift register whenever WRITE 


Figure 3. Modular Word Register Schematic 
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is asserted upon the rising edge of CLOCK. As the “one” is 
passed along, it allows a write operation to occur to the word 
register. The read pointer is implemented in essentially the 
same manner. 


In the AT6000 architecture, implementing the write and read 
pointers as controlled shift registers has several advantages over 
controlled counter/decoder methods. For example, several 5-bit 
modular 16 counters together with several 5-bit to 16-bit decod- 
ers could be used to implement the read and write pointers in a 
controlled counter/decoder approach. Although the counters 
would use far less flip-flops, the decoder logic would be five 
times as large as in the controlled shift register method. More 
control signals would also have to be bused to every word 
register since in the controlled counter/decoder method every 
output bit of the counters must be used as a select control for the 
decoders of both the read and write pointers. The additional 
decoder logic and busing necessary for the controlled 
counter/decoder makes it ostentatiously large. Since every cell 
in the AT6000 architecture contains a D-type flip-flop, the 
controlled shift register approach is more efficient than the 
controlled counter/decoder approach. 
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Figure 4 shows the initialization logic along with several word 
registers. The initialization logic synchronously allows either 
the write or read pointers to be individually or simultaneously 
reset to point to the first word register. The word registers can 
be asynchronously cleared. For this example, 16-word registers 
are linked together to form a 16-word FIFO, with each word 
being eight bits in length. The modular construction allows the 
concatenation of word registers to form a FIFO of any length. 


Figure 4. Architecture of 16-Word x 8-Bit FIFO 


The word registers can also be widened as long as the portions 
of the write and read pointers are maintained on either side. 
Only one unique register is needed to hold the initialization 
logic to mark the first word of the FIFO. 

The performance and utilization statistics for the 16-word by 


8-bit FIFO are given in Table 1. This implementation is avail- 
able in schematic and layout form. 
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Table 1. 16 x 8 FIFO 


Cell Minimum Bounding 
Box (X x Y) 


FIFO Count'!) 


Maximum 
Cells Per Bit-4) 


Speed) 


16-Word by 8-Bit 653 20 x 35 5 66.7 ns / 15 MHz 


Notes: 

1. Includes cells used as wires. 

2. Amortizes the quantity of cells used for write and read pointers in each 8-bit word register over the cell count for each bit of the register. 
A 16-bit word register would use 4.5 cells per bit. 

3. READ —> Qo.7. Worst-Case Commercial Operating Conditions: CLK — Co, 70°C, 4.75 V. 
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IEEE 1149.1-1990 
Standard Test Access Port and 
Boundary-Scan 


Introduction 

For system or board diagnostics, AT6000 
Series devices can be programmed with the 
1149.1 standard test logic and then repro- 
grammed for normal operation when the di- 
agnostics are complete. The area and per- 
formance overhead of the test logic does 
not impact normal operation in the device 
because it is replaced by the logic for nor- 
mal function. All mandatory test instruc- 
tions can be executed with this portable test 
logic configuration, which guarantees con- 
formance to the 1149.1 standard. The 
1149.1 standard provides a consistent mech- 


anism for confirming that each component 
in a system performs its required function. 
Since AT6000 devices are factory- tested 
with test patterns that exercise all the pro- 
grammable features, integrity is insured 
without having to rely on standard test 
logic. Standard test logic is best suited for 
checking the interconnections between de- 
vices on the board. Boards are often multi- 
layer and double-sided, making traditional 
board test methods, like the bed-of-nails ap- 
proach, expensive and impractical. 


Figure 1. Block Diagram of 1149.1 Test Logic Architecture 
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Recommended Test Procedure 

Figure 1 shows the test logic architecture with dedicated I/O 
pins TCK, TMS, TDI, and TDO for the 1149.1 standard. TCK 
and TMS control the Test Access Port controller, a state ma- 
chine that regulates the flow of serial test patterns and results 
from TDI to TDO. The boundary-scan register communicates 
with all usable I/O pins, which are configured as bi-directional 
drivers. The bypass register enables data to be moved more 
quickly through the device by bypassing the boundary-scan 
register. The instruction register holds the test instruction that 
activates either the boundary-scan or bypass register, and also 
helps control the MUX that supplies the source for TDO. 


The recommended procedure for using 1149.1 Boundary Scan 
is to program the part with the test logic during a system diag- 
nostics routine, then initiate boundary scan testing for the sys- 
tem or board. When the test is done, reload the AT6000 device 
with system logic for normal operation. This test method elim- 
inates the optional test capabilities defined in the standard. For 
example, using the SAMPLE/PRELOAD test instruction to 


Figure 2. Boundary Scan Cell 
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capture the state of the I/O for on-line diagnostics during nor- 
mal operation is not possible since the test logic is replaced with 
system logic. 


Other optional instructions facilitating internal fault testing and 
the execution of built-in self testing procedures (BIST) also 
cannot be supported with this test methodology. 


For example, INTEST isolates the device, allows patterns to be 
serially shifted in and applied to the internal logic, then captures 
the output results within the device so that they can be shifted 
out for fault analysis. RUNBIST enables proprietary, built-in 
self-test procedures to be initiated by the standard test logic. 
The intended test capabilities of both these instructions are al- 
ready covered by the factory testing performed on each AT6000 
device. Therefore, eliminating these instructions and their asso- 
ciated overhead by loading and unloading the standard test 
logic does not increase the risk of overlooking a fault in the 
device. 


IN DATA 
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Description of Boundary Scan Operation 

As shown in Figure 2, the boundary-scan register element shifts 
data in through Scan In on the rising edge of ClockDR when 
ShiftDR is asserted. Since every I/O pin is configured as a 
bi-directional driver during the test sequence, two shift register 
bits are needed to control the output signal OD and the output 
control OC of the bi-directional driver. Each bit in the shift reg- 
ister is then latched to a secondary register that directly drives 
an Output pin or output control of the bi-directional driver. Up- 
dateDR loads the secondary registers from the shift register. If 
the bi-directional I/O BTTLD is set as an input (OC=1), the sig- 
nal present at the pin is latched into the shift register on the 
rising edge of ClockDR when ShiftDR is unasserted. 


A mandatory 1149.1 requirement for programmable compo- 
nents is that the length of the boundary-scan register be inde- 
pendent of the way the component is programmed in normal 
system operation. Configuring every I/O to be bi-directional 
eliminates the dependency of the test logic on the particular I/O 
pin assignment utilized during normal operation. The test logic 
has the flexibility to set the direction of any I/O pin according 
to the patterns shifted in and transferred to the secondary regis- 
ters that drive the output control pins. These patterns are formu- 
lated by the test engineer based on specific knowledge about the 
I/O pin assignment of the device during normal operation, and 
how the device is interconnected with other components on the 
board. 


These secondary registers hold a pattern at the output pins while 
the results are sampled at the chip inputs and stored in the shift 
register. ShiftDR controls sampling and shifting of the data in 
the shift register. The secondary registers hold the output con- 
trol pins stable during sampling and shifting out of the result for 
interpretation because the values in the shift register change. If 
the secondary registers were eliminated, then the shift-register 
element might incorrectly drive the output control during data 
shifting. More than one output from different devices might ac- 
cidentally drive the same wire for a substantial period of time, 
which could damage the devices. Having a secondary register 
to hold the bi-directional output control signals during shifting 
prevents this. 


Sampling and shifting is controlled by a synchronous state ma- 
chine within the device. Control signals ClockDR, UpdateDR, 
and ShiftDR originate from this state machine, called a test- 
access-port (TAP) controller. External TAP signals—which 
might originate from automated test equipment (ATE) or a 
diagnostic processor—enter the capitalize controller through 
dedicated input pins and initiate state-to-state transitions. The 
following TAP signals go into the controller: 

TCK: Test Clock input provides an independent clock signal 
for the test logic (i.e., boundary-scan register, instruc- 
tion register, bypass register, and state machine) 

TMS: Test Mode Select input controls the transitions of the 


TAP state machine, which determines when data is 
sampled, loaded, and shifted. 


TDI: Test Data Input is the serial data input into the shift 
register for the test pattern. 


TDO: Test Data Output is the serial data output from the 
shift register. 


The signals TDI and TDO, although considered part of the 
TAP, do not initiate or affect the state-to-state transitions in the 
TAP controller. They provide the serial link to and from other 
components on the board. For a detailed state diagram of the 
TAP controller, refer to Chapter 5 of the JTAG (Joint Test Ac- 
tion Group) standard. 


Composing a Test Pattern for the AT6005 

The test pattern has two purposes: first, to set the I/O as either 
inputs to or outputs from the device, and second, to provide a 
logical value (“‘1” or “0”) to the output drivers from the device. 
The designer or test engineer is responsible for composing the 
pattern so that the proper inputs and outputs will be present on 
the device boundary. By performing the following tasks, any 
designer or test engineer somewhat familiar with the 1149.1 
standard can prepare the patterns for boundary-scan testing: 


1. Determine which pins are inputs and outputs based on how 
the AT6005 device is used in the board during normal 
system operation. 


2. Compose a test pattern that will set the I/O to match the pin 
assignment according to the following assumptions: 


a. The AT6005 has 104 usable I/O because four dedicated 
I/O are needed for the TAP signals TCK, TMS, TDI, 
and TDO. 


b. Since a pair of bits are needed to set the direction of 
each of the 104 I/O, each pattern must be 208 bits in 
length. 


c. Since the pattern is loaded serially starting at TDI, the 
first bit-pair loaded sets the last I/O pins. 


d. For each pair of bits, the first serially loaded bit deter- 
mines the I/O direction (input or output). A logical 
“1” sets the I/O as an input, a logical “0” sets the I/O 
as an output. 


e. For each pair of bits, the second serially loaded bit of 
the pair is relevant only if the first serially loaded bit 
of the pair was a “0”. The second bit can be either a 
“0” or a “1” and it will drive the output pin. 

f. Any unused pin should be driven to a high-impedance 
state by setting the first bit of its corresponding bit- 
pair to a “1” value. 

g. While the pattern is being loaded, the output pins are 
set to the high-impedance state until the secondary 
registers (see Figure 2) are updated with the test pat- 
tern value. 


h. The TAP signals TCK, TMS, TDI, and TDO use pins 
131, 129, 132, and 128, respectively. 
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Figure 3 shows a test pattern in the boundary-scan register and 
its effect on the BTTLD bi-directional I/O. Pin 2 is set as an 
input because the output enable signal of BTTLD is set to “1.” 
Since the I/O is set as an input, the value of the first bit in the 
corresponding bit-pair in the boundary-scan register that drives 
the output buffer portion of BTTLD really does not matter (it is 
represented as an “X”). Pins 5 and 127 are also set as inputs 
because their output enable bits for BTTLD are also set as “1” 
in the boundary-scan register. 


If the second bit of the bit-pair that controls the BTTLD I/O 
macros were a “0,” as is the case with Pins 3 and 126, the 
BTTLDs are set as outputs. The outputs of BTTLD for Pins 3 
and 126 are both driven by the first bit of the corresponding 


Figure 3. Test Pattern in Boundary-Scan Register 
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bit-pair in the boundary-scan register. A “1” from the boundary- 
scan register drives Pin 3, and a “0” drives Pin 126. 


A test pattern is serially shifted in through Pin 132. For exam- 
ple, the first bit-pair is shifted through the entire boundary-scan 
register until it is in position to set the BTTLD macro of pin 127. 
While the pattern is being shifted through the register, the out- 
puts of the secondary registers that the drive the output enable 
pins of the BTTLD macros are set to “1” so that every I/O in the 
device is in the high-impedance state (see Figure 2). This pre- 
cautionary measure prevents device pins from driving a signal 
onto a board wire that might contend with a signal from another 
chip. When the pattern is completely shifted into the boundary- 
scan register, the secondary registers are updated with the pat- 
tern, thus setting the direction of the BTTLD macros. 


FROM TAP 
CONTROLLER) 


ShiftDR 
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Test Logic Architecture 

Figure 4 shows a more detailed schematic of the test logic. The 
TAP controller performs boundary-scan by first capturing sig- 
nals at the input pins of the bi-directional drivers and loading 
them into a corresponding shift register element. The TAP con- 
troller sets ShiftDR low and takes ClockDR from low to high to 
perform the capture. The captured input signals originate from 
the outputs of other chips on the board as the result of a previous 
test pattern. Shifting the captured pattern out of the device oc- 
curs when the TAP controller sets ShiftDR high and toggles 
ClockDR. While the result is being shifted out through TDO, a 
new test pattern is simultaneously being shifted in through TDI. 
The new pattern is loaded into the secondary registers when the 
TAP controller toggles UpdateDR. Any bi-directional driver 


Figure 4. Schematic of 1149.1 Test Logic Architecture 


TOI 


NES 
il : BYPASS REG 
: ' 
es) 
FD 


that is set as an output will then drive the board wires leading to 
the inputs of other chips. 


Also shown in Figure 4 are bypass and instruction registers. The 
bypass register quickly passes test patterns through the device if 
the patterns are designated for another component on the board. 
Captured test pattern results also flow through the bypass regis- 
ter to hasten their arrival to another part of the diagnostics sys- 
tem. Depending on the instruction loaded into the instruction 
register, either the bypass register or the boundary-scan register 
provides the source for TDO. The logical value loaded into the 
instruction register controls the multiplexer MUX that selects 
either the boundary-scan or bypass register to drive TDO. 
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The following mandatory instructions are necessary to conform 
to the standard (as described in Chapter 7 of the JTAG stan- 
dard): 


BYPASS: Causes a serial test pattern being shifted into TDI 
to be passed through a single bit register (called the bypass 
register) and then to TDO. The purpose of this instruction 
is to allow rapid serial movement of test patterns and re- 
sults between components on a board. The instruction 
register should be load with a logical “1” value to initiate 
BYPASS. 


SAMPLE/PRELOAD: Allows a snapshot of the data present 
at the input pins of a device to be stored in the shift regis- 
ter, and then allows the snapshot to be shified out through 
TDO. While the data is being shifted out, a new test pat- 
tern can be simultaneously shifted in through TDI. The in- 
struction register should be load with a logical “0” value 
to initiate SAMPLE/PRELOAD. 


EXTEST: Allows the test pattern held in the shift register to 
be loaded into secondary registers that drive the output 
pins of the device. The application of this instruction lets 
the outputs of a device to drive the board traces so that 
the inputs of other devices can take a snapshot of the val- 
ues on those traces, and thus determine if the board traces 
were manufactured properly. The instruction register 
should be loaded with a logical “0” value to initiate 
EXTEST. 


The TAP controller loads the instruction register the same way 
it loads the boundary-scan register. A functionally analogous 
but independent set of signals, ClockIR, UpdatelR, and ShiftiR 
are used to control loading and shifting in the instruction regis- 
ter. Changing the level of TMS before the rising edge of TCK 
initiates state-to-state transitions in the TAP controller for every 


References: 


TCK cycle, causing the outputs of the controller (ClockDR, 
ShiftDR...) to change. A particular sequence of level changes in 
TMS over several TCK cycles results in the execution of either 
SAMPLE/PRELOAD or EXTEST if the value in the instruc- 
tions register is a logical “0.” 


The TAP controller also chooses the register (boundary-scan, 
bypass, or instruction) that drives TDO. When the ShiftDR sig- 
nal is asserted either the boundary-scan register or the bypass 
register is selected. The instruction register must then determine 
the register to drive TDO. If the instruction register is loaded 
with a “1,” meaning that the BYPASS instruction should be ex- 
ecuted, then the bypass register is selected. A logical “0” in the 
instruction register means that either the EXTEST or SAM- 
PLE/PRELOAD should be executed, and that the boundary- 
scan register is selected. 


When the ShiftIR signal is asserted the instruction register is 
selected to drive TDO regardless of the current instruction. If 
both ShiftIR and ShiftDR are unasserted, then driving a logical 
“1” through the multiplexer deactivates TDO. 


Operating Conditions 

The minimum recommended cycle time for TCK is 100 ns (10 
MHz) for correct operation. With careful floor planning of crit- 
ical path control signals, TAP controller the performance could 
be improved to 15 MHz. In the AT6005, at a TCK speed of 10 
MHz, two bits are needed for each of the 104 bi-directional I/O. 
Shifting in a new test pattern takes 20 pis. When the boundary- 
scan test is complete, the device is reconfigured for normal op- 
eration in 6.4 ms by serially loading the stream of bits into the 
SRAM that programs the logic and interconnections. The de- 
vice can be reconfigured in 808 ,s if the bit stream is loaded as 
8-bit bytes. A complete 1149.1 circuit is available in schematic 
and layout form. 


IEEE Standard Test Access Port and Boundary-Scan Architecture, IEEE Std. 1149.1-1990, Joint Test Action Group (JTAG), Institute 
of Electrical and Electronic Engineers (IEEE), New York, May 21, 1990. 
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Digital Frequency/Phase Comparator (DFPC) 


Introduction 

The AT6000 Series field programmable 
gate array (FPGA) lets the designer imple- 
ment a digital frequency/phase comparator 
(DFPC) that interfaces to a voltage con- 
trolled oscillator (VCO). 


Description 

The DFPC has two periodic input signals, a 
reference frequency of some desired value 
and a variable frequency from the VCO. 


Two output signals from the DFPC, ~UP 
and ~DOWN, control the VCO. These two 
signals change the VCO output frequency 
so as to match the reference frequency en- 
tering the DFPC. Once the reference and 
the variable signals have the same phase 
and frequency, the DFPC continues to 
make small adjustments to the VCO fre- 
quency to maintain the match. 


Figure 1. Digital Frequency/Phase Comparator Circuit 
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A representation of the circuit is shown in Figure 1. The exact 
implementation of the circuit in the AT6000 architecture is 
shown in Figure 2. The performance of the DFPC was deter- 
mined with the aid of another specially designed test circuit, 
which measures three performance characteristics of the DFPC: 


1. The minimum phase difference in nanoseconds which the 
DFPC can detect between the reference and variable 
VCO signals; 


2. The width of the common mode time when both ~UP and 
~DOWN are asserted during the reset operation of the 
DFPC; and 


3. The operation of the circuit when the reference and VCO 
Output frequencies are an octave apart. Since the circuit is 
symmetrical the test need only be done once for either 
case where the reference is twice that of the VCO fre- 
quency, or vice versa. 


Figure 3 shows the test circuit for generating signals of different 
frequencies. A ring oscillator circuit contained within the de- 
vice generates a base frequency that is used as the reference 
signal into the DFPC. The reference signal is fed into a fre- 
quency divider and the output of the divider drives the VCO 
input into the DFPC. 


Figure 3 also shows the circuit for generating signals with a 
phase difference. The same ring oscillator used in the previous 
test circuit is used to generate a base frequency that provides the 
reference signal. This reference is also used as the input into a 
programmable phase shifter. The phase shifter is controlled 
using the standard device down-loading software normally used 
for loading the device bit stream from a personal computer. 
Phase adjustments are made in increments of 100 ps. 


This phase shifted signal, which has the same base frequency as 
the reference, is used as the VCO input for the DFPC. 


When compared to a stable reference frequency, initial tests 
show that at typical operating conditions, the DFPC has a com- 
mon mode pulse width, tcmpw, of approximately 10.5 ns. Fig- 
ure 4 shows the time difference between a level change in ~UP 
and ~DOWN, tppw, is exactly equal to the phase shift of the 
two input signals, tprp. The symmetry of the circuit layout in the 
AT6000 device enables the difference between tppw and tpIP to 
be less than 500 ps. 


The performance and utilization statistics are given in Table 1. 
The DFPC implementation is available in schematic and layout 
form. 


Figure 2. DFPC Implementation 
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Figure 3. DFPC Test Circuits 
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Figure 4. DFPC Timing Diagram 
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Table 1. 16x 8 FIFO 


Minimum Bounding 
Box (X x Y) tempw) topw - toip(2) 


3x8 10.5 ns 0.5 ns 


Notes: 
1. Includes cells used as wires. 
2. Typical Operating Conditions: 25°C, 5.0 V, AT6000-4. 
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Configuration Compression Algorithm 


Introduction 

AT6000 Series FPGAs are SRAM-based 
and can be reconfigured to perform differ- 
ent applications in a system. Formulas 
show how the act of reconfiguration affects 
system performance. A proprietary com- 
pression algorithm reduces reconfiguration 
time and improves system performance. 
This algorithm is incorporated into the bit 
stream generation software provided in the 
Integrated Development System. 


Description 

Two factors determine configuration 
time—the frequency of the configuration 
clock and the configuration mode used. 


The configuration clock, CCLK, regulates 
the loading of data. The higher the clock 
frequency, the faster data is loaded. Modes 
4 and 5 use an internally supplied clock that 
runs at only 1 MHz. The other modes em- 
ploy a user-supplied clock. The user-sup- 
plied clock can run as fast as 10 MHz. 


Table 1. Configuration Timing Equations 


Without 


Compression AT6002 


Of the two kinds of configuration, serial 
and parallel, parallel configuration is faster. 
Serial configuration loads one bit per clock 
cycle, while parallel configuration loads 
eight bits per clock cycle. As a result, a se- 
rial configuration mode takes eight times 
longer to load a bit stream. Table 1 gives 
equations that determine configuration 
times for the AT6002 and AT600S. 


Partial configuration is naturally faster than 
full configuration. A configuration com- 
pression algorithm, supplied with Atmel’s 
development system, filters full-configura- 
tion data to produce a partial configuration 
bit stream. The bit stream produced by the 
compression algorithm only programs 
memory that is different from the present 
configuration. On power-up, for example, 
each cell in the array is a zero. The com- 
pression algorithm can remove all the zeros 
from the bit stream to be used after power- 
up—in some cases reducing the size of the 
bit stream by as much as 50%. 


AT6005 


Serial 2678 x 8 x 1/Frequency 8077 x 8 x 1/Frequency 
Parallel 2678 x 1/Frequency 8077 x 1/Frequency 


With 
Compression 


AT6002 


(1 - % Reduction) x 2678 x 


8 x 1/Frequency 


(1 - % Reduction) x 2678 x 
Parallel 1/Frequency 


AT6005 


(1 - % Reduction) x 8077 x 
8 x 1/Frequency 


(1 - % Reduction) x 8077 x 
1/Frequency 
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Modeling Device Power Consumption 


Introduction 

The following provides a simple method 
for modeling the active and static power 
consumption of a AT6005 design. 


Active Power Consumption 
Active power consumption is a function of 
the distribution of resources in a design and 
the number of nets switching each second. 
The distribution of resources is calculated 
by counting the instances in the design 
database. The Integrated Development 
System (IDS) reports this information in 
the list files generated by programs like 
placement, routing and bit stream genera- 
tion. The switching of some nets, like clock 
signals and flip-flop outputs, is determined 
by clock frequency and can be tabulated 
exactly. The switching of other nets, espe- 
cially combinatorial logic, is input-depen- 
dent and not solely determined by the 
clock. As a result, the activity of these 
nodes can only be estimated. Combinato- 
rial signals are typically half as active as the 
clock. Test vectors representative of actual 
design operation can give a more accurate 
calculation. Viewlogic’s “activity” com- 
mand calculates the number of active nodes 
in a design during logic simulation. 


The equation for active power consumption 
is as follows: 


POWER = Frequency x (Aa x Ka x Na + 
Abx Kbx Nb +AlxKIxNl + 
Ax x Kx x Nx + Ac x Kc x Ne 
+KgxNg+AixKixNi 
+Ao x Ko x No) x Vcc 


The N coefficients represent the design re- 
sources reported by the IDS: 


Na number of A-type nets used (individ- 


ual cell function is not important) 


Nb number of B-type nets used (individ- 


ual cell function is not important) 
NI number of local-bus type nets used 


Nx number of express-bus type nets used 


Ne number of clock columns used 


Ng 1 if global clock is used 
Ni __ number of I/O inputs 


No number of I/O outputs with no out- 
put load used 


The A coefficients represent the estimated 
activity of combinatorial logic. 


The K coefficients represent the weighting 
factor of each component: 


Ka=2WA/MHz Kb=2 pA/MHz 
Kl=4pA/MHz Kx =3 pA/MHz 
Ke = 100 pA/MHz Kg = 200 pA/MHz 
Ki=4pA/MHz Ko=60WA/MHz 


The amount of activity possible is based on 
the number of each cell type used. The 
AT6005 has the following available: 


Na = 3136 Nb = 3136 
NI = 1568 Ne = 1568 
Ne = 56 Ng =1 


Ki = 64 (84-pin) or 108 (132-pin) 
Ko = 64 (84-pin) or 108 (132-pin) 


If every node were active at 10 MHz, the 
device would use about 293 mA of current 
(1466 mW). 


A more typical example would be: 
Na = 2000 Ab = 2000 
Al = 1200 Ae = 700 
Ac =27 Ag=1 
Ki = 54 Ko = 54 


Yielding an active power consumption of: 


POWER = 2000 x05 x2 + 2000x05x2 
+ 1200x05x4+300x05x 
3+27x1x100+1x1x200 
+54x05x4+54x05x 60 


= 11.5 mAlMHz 


Or, 115 mA at 10 MHz (575 mW at 10 
MHz). 
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Quiescent Power Consumption 

The AT6005 is a CMOS device. Once programmed, the SRAM 
used to store the configuration requires no static power. The 
programmable interconnect points use complementary CMOS 
pass gates; this insures that all signals eventually reach Vcc or 
GND and dissipate no static power. There are no passive pull- 
ups on any internal nodes. Unused nets and buses are tied to 
Vcc and GND, and dissipate no power. Tri-states without ac- 
tive drivers dissipate some static power, but this is easily 
avoided. 


Static power dissipation, measured after power-up in modes 1, 
2, 3, or 6, but before programming, is 2 mA. After power-up, the 
device is programmed as a large array of registers with no in- 
puts connected. Modes 4 and 5 generate a clock output signal. 
The power dissipation of modes 4 and 5 is 2 mA plus the power 


Table 1. AT6005 Static Power eer emoticons nein 


dissipation of the CCLK output driver, which is a function of 
the pin’s loading capacitance. CCLK is typically 1 MHz. 


The primary source of static power dissipation is not the core 
array, but the SRAM configuration circuitry. It has two blocks 
which consume static power—a power supply voltage monitor 
and an internal oscillator. The voltage monitor is used to initiate 
reboot when Vcc is first applied or when Vcc goes below a 
critical voltage. The monitor can not be disabled. The internal 
oscillator can be turned off by setting the BS bit in the configu- 
ration register. With BS set, the AT6005 dissipates less than 900 
LA static power (Table 1). 


Power consumption calculation is performed automatically by 
the Integrated Design System. 


ICC1 pcr ne Id 2,3,6 
Measured after reboot 


Modes 4, 5 | 
With 50p load on CCLK om 


900 pA 


Icc2 Modes 1, 2, 3, 4, 5,6 
B5 Bit set with CONN=CSN=VCC 
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Converting FPGAs and PLDs to 
Atmel Gate Arrays 


Introduction 


Atmel is one of the only companies 
which designs and manufactures field 
programmable gate arrays (FPGAs), 
programmable logic devices (PLDs) and 
high performance gate arrays. In a 
natural progression, Atmel offers a 
seamless, direct conversion path for 
designs implemented on most PLDs 
and FPGAs to its gate array families. 
The potential benefits to the system 
designer of such a capability are 
fourfold: 


¢ Component cost savings. Atmel's 
conversion process will convert a 
single FPGA or PLD into a lower 
cost gate array that is a pin-for-pin 
compatible replacement. 

¢ Board space savings. Atmel con- 
verts to a true gale array, not a 
hardwired FPGA/PLD. - Multiple 
FPGAs or PLDs can be converted 
and consolidated into a single gate 
array, reducing system component 
countand providing even more cost 
savings. 


¢ Enhanced performance. Conver- 
sion to a gate array grants the 


designer access to all of the macro- 
cells and functions contained in the 
cell library, including higher order 
logic functions and testability im- 
provement circuitry that cannot be 
realized onan FPGA or PLD. Gate 
array routing schemes allow a 
greater degree of flexibility to opti- 
mize timing performance or logic 
area. 


¢ Reduction indesign cycle time. An 
ASIC design can be prototyped 
using programmable logic and mi- 
grated to a gate array for production 
without the time and cost of a rede- 
sign. 
In all cases, Atmel uses the existing 
FPGA or PLD design data base so that 
little additional engineering effort is 
required from the customer. This 
application note discusses some factors 
to consider when deciding to convert, 
describes the conversion process, and 
details the required information for 
selected FPGA and PLD products. 


FPGA/PLD 


to Gate Array 


Conversion 


Application 
Note 
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ATL Array Organization - 1.0 1p CMOS 


Device raw Routable Max Pin Max 1/O(1) Gate(2) 
Number Gates Gates Count Pins Speed 


ATL4 4,100 2,600 60 375 ps 
6 


68 
ATL10 10,000 6,500 124 116 375 ps 
ATL20 22,000 12,000 144 375 ps 

180 


13 
ATL40 40,000 22,000 168 375 ps 


ATL60 57,000 30,000 2 


24 208 


ATL C Fine Pad Pitch Array Organization - (Commercial) 1.0 1 CMOS 


Device Routable Max Pin Max /O(1) 
Number Gates Count Pins 


375 ps 


ATL7C 4,000 100 92 
ATL10C 6,000 120 112 
ATL15C 8,000 144 136 


ATL20C 12,000 160 152 
ATL35C 18,000 208 192 


ATL55C 29,000 256 236 
ATL75C 39,000 304 280 


Notes: 1. Absolute maximum //O pins is maximum pin count minus eight. Additional power and ground pins may be required to support 
simultaneous switching outputs as pin count increases. 


2. Nominal two input NAND gate with a fanout of two. 
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ATL80 Array Organization - 0.8 1, CMOS 


Device 
Number 


Routable 
Gates 


Raw 
Gates 
ATL80/15 
ATL80/25 
ATL80/40 
ATL80/50 
ATL80/75 
ATL80/95 
ATL80/150 
ATL80/220 
ATL80/280 
ATL80/350 
ATL80/450 
ATL80/600 


17,000 
26,000 
39,000 
50,000 
75,000 
94,000 
150,000 
220,000 
280,000 
350,000 
450,000 
600,000 


10,200 
15,600 
23,400 
30,000 
45,000 
60,000 
75,000 
110,000 
140,000 
175,000 
225,000 
300,000 


Notes: 
simultaneous switching outputs as pin count increases. 


2. Nominal two input NAND gate with a fanout of two. 


Programmable Logic vs Gate Array 


Programmable logic has enjoyed tremendous popularity 
and growth over the last several years, primarily because 
the user saves both time and money. Designers may work 
with inexpensive design tools which run on inexpensive 
platforms. Designs can be implemented in hours and 
modified easily. A designer can implement an ASIC 
design and evaluate its performance in a system in the same 
week. This instant feedback allows designers to validate 
system operation and rectify any errors without additional 
expense. Programmable logic devices provide an ideal 
solution for fast prototyping and for low to moderate 
production volumes. 


Gate arrays, however, continue to offer superior 
performance, higher density, and lower cost-per-gate in 
volume production when compared to an FPGA or PLD. 
While the cost of gate array design tools has dropped in 
recent years and quality third party tools have emerged, 
they are still more expensive than FPGA or PLD design 
tools. Also, while gate array prototypes can be delivered in 
days or weeks, that is still a much longer period than the 
several hour turnaround of a programmable logic device. 


Max 1/0(1) 
Pins 


1. Absolute maximum I/O pins is maximum pin count minus eight. Additional power and ground pins may be required to support 


When to Convert 


There are four instances when converting froman FPGA or 
PLD offers the user a direct benefit. 


High Volume. If the annual volume forasingle, commercial 
ASIC design exceeds 10,000 units, or if consolidated, 
commercial designs exceed 2,000 units, converting to a 
gate array can save money. 


Performance. Gate arrays have lower standby current,offer 
greater speed than anFPGA or PLD, offer agreaterselection 
of buffer types and drive current, and offer a greater 
selection of higher order logic functions than an FPGA or 
PLD. 


Integration. Converting several FPGAs or PLDs and 
consolidating the logic into a single gate array uses less 
board space, reduces component count, and improves the 
manufacturability and reliability of the system. 


Prototypes. Using the FPGA or PLD for prototypes and 
then converting to a gate array for production gives the 
designer the best of both worlds — a fast, accurate design 
cycle and a lower cost component in production. 
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Atmel Conversion Process 
Summary of the Conversion Process 


Atmel’s FPGA or PLD to gate array conversion process is 
intended to minimize the amount of additional engineering 
support required from the systemdesigner. Figure 1 outlines 
the conversion process flow. The inputs to this flow will 
vary depending upon the manufacturer of the FPGA(s) or 


Figure 1. FPGA/PLD to Gate Array Conversion 


PLD(s) to be converted. Once the required design data base 
has been delivered to Atmel and accepted, the design 
process (Preliminary Design Review thru Prototype 
Delivery) is the same as that of any other gate array design. 


Customer — Atmel 

Atmel 

Customer Final Design Review i Atmel 
(FOR) : 

Customer Prototype Delivery Atmel 
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Required Data Base 


Whether converting from FPGA or PLD, the designer must 
bear in mind that the result of the conversion process is a 
gate array, and that the array may consolidate the logic 
contained on several devices onto one chip. It remains the 
responsibility of the designer to completely define the 
requirements of the gate array device. The designer will 
supply data bases that are unique to the specific choice of 
FPGA or PLD as a part of the conversion process, as well 
as information that is independent of FPGA or PLD choice. 
The exact files required from the CAD system used to 
develop the FPGA/PLD are listed in the following section. 
In addition, the following data is also required: 


Simulation and Test Vector Format 

¢ All vectors are in the same five group format (Input, 
Output, Tri-State, BiDirectional and Enable), and 
have a stated purpose 

¢ Outputs are sampled once per clock cycle at the 75% 
cycle point 

* Test vectors must include a 1-MHz set for probe and 
an "at-speed" set for final test 


Specifications 
¢ Operating conditions of temperature and voltage 
¢ System loading requirements by pin 


¢ Operating clock speed and number of clocks 

¢ 1/0 definition including pin out and enable for Tri- 
State, and BiDirectional buffers 

¢ Definition of critical paths 

¢ Definition of asynschronous behavior 


Documentation 
¢ Full hierarchical schematics 
¢ Clocktree and reset diagram 
¢ Timing diagrams showing relationship of clocks to 
data applied and valid outputs 


The specific data base that is required will depend upon the 
manufacturer and platform for the FPGA or PLD design. 
This data will also be dependent on whether one FPGA or 
PLD is being converted into a single gate array, whether 
multiple FPGAs or PLDs are being converted and 
consolidated, and what specific performance is required. 
The approach that Atmel takes to the conversion process 
will depend upon the response to the last item. 


Atmel's gate array families allow the designer flexibility in 
I/O placement. Only the eight corner pads on the die are 
dedicated power or ground. All other pads on the die are 
fully programmable for input, output, BiDirectional, Tri- 
State, power or ground. 
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Converting FPGAs 


FPGAs are similar to a true gate array in both design and 
physical implementation, making the conversion process 
very simple. Most FPGAs use only a few logic blocks 
which are a subset of most gate array cell libraries. This 
allows the FPGA netlist to be mapped directly into gate 
array primitive cells, simulated, validated, and routed in the 
same manner in which a gate array is designed. Any 
optimization that is required to meet performance 
specifications can also be performed. 


Actel FPGAs - Required Data Base 


There are several third party design platforms and tools that 
support programming of an Actel FPGA, including Mentor, 
Cadence/Concept, and Viewlogic. The required inputs 
from each of these platforms are listed below. 


Mentor Files (via mifexpand.com script) 
.MIF (Mentor Interface File - Netlist) 
.LOG (Simulation Log File) 

-LIST (Simulation Listing File) 
.FORCE (Simulation Force File) 


Cadence/Concept Files 
EDIF Netlist (via Synlink) 
ASCII File of Simulation Vectors 


Table 1. Actel FPGA/Atmel Gate Array Cross Reference 


Actel FPGA 


Acti 1010 
1020 


Equivalent 
Usable Gates 


Note: 
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V/O Pins 


1,200 57 ATL4 
2,000 69 ATL4 or 7C 


Viewlogic Files 
.ADL (Flattened Netlist) 
.CMD (Simulator Command File) 
.EDN (EDIF Netlist) 
.PIN (Final Pin List) 
.VSM (Viewlogic Simulator Netlist) 
.SCH (Schematics) 
.SYM (Symbols) 
.WIR (Wire List) 
ASCII File of Simulation Vectors 


Additional files that used to satisfy some of the other data 
requirements: 


Actel Files 
.CRT (Criticality File) 
-DEL (Actual Delay File) 
.FUS (Fuse File) 
.IPF (Initial Placement File) 
.DEF (Parameters File) 


Table 1 lists the recommended Atmel gate array for the 
Act 1, Act 2 and Act 3 families of Actel FPGA. 


Target Atmel“ 


Gate Array 


ATL4 or 7C 
ATL7C or 10C 
ATL15C, or ATL20C 


ATL7C or ATL80/15 

ATL10C or ATL80/25 

ATL20C, ATL80/40 or ATL80/50 

ATL35C or ATL80/50 

ATL35C, ATL55C, ATL80/95 or ATL80/150 


1. Target array dependent on number of pins used, and pinout. 
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Xilinx FPGAs - Required Data Base 


There are several third party design platforms and tools that 
support programming of a Xilinx FPGA, including Mentor, 
Cadence/Concept, and Viewlogic. The required inputs 
from each of these platforms are listed below. 


Mentor Files (via mifexpand.com script) 
.MIF (Mentor Interface File - Netlist) 
.LOG (Simulation Log File) 

-LIST (Simulation Listing File) 
-FORCE (Simulation Force File) 


Cadence/Concept Files 
EDIF Netlist 
ASCII File of Simulation Vectors 


Viewlogic Files 
.ADL (Flattened Netlist) 
.CMD (Simulator Command File) 


Table 2. Xilinx FPGA/Atmel Gate Array Cross Reference 


Equivalent 


Usable Gates 


1,200 58 
1,800 74 


Note: 


.EDN (EDIF Netlist) 

.PIN (Final Pin List) 

.VSM (Viewlogic Simulator Netlist) 
.SCH (Schematics) 

.SYM (Symbols) 

.WIR (Wire List) 

ASCII File of Simulation Vectors 


Additional files that are used to satisfy some of the other 
data requirements: 


Xilinx Files 
.LCA 
.XNF (Xilinx Netlist) 


Table 2 lists the recommended Atmel gate array for a 
variety of Xilinx FPGAs. 


Target Atmel 
Gate Array 


/O Pins 


ATL4 
ATL7C,ATL4 


64 ATL7C, ATL4 
80 ATL7C 
96 ATL7C, ATL10C 
120 ATL10,10C 
144 ATL20,20C,35C 


ATL4,7C or ATL80/15 
ATL7C or ATL80/15 
ATL10 or ATL80/15 
ATL10C or ATL80/25 
ATL15C,10 or ATL80/40 
ATL20,20C or ATL80/50 
ATL20,20C or ATL80/50 
ATL35C,40 or ATL80/95 
ATL35C or ATL80/150 
ATL55C or ATL80/150 


1. Target array dependent on number of pins used, and pinout. 
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Converting PLDs 


Two different methods can be used when converting from 
PLDs to gate arrays, each of which is intended to provide an 
optimal solution to a specific concern. These methods are 
deterministic and timing matching. Each method involves 
trading gate array utilization for matching the timing of the 
original design, as can be seen in Table 3. 


Deterministic Conversion 


PLDs have a uniform, deterministic architecture. Every 
signal within a PLD traverses a constant length path and 
avoids race conditions. If the converted design is to be a 
drop-in replacement, then it must meet the same 
specifications of the original PLD design, including 
minimum and maximum signal arrival times, set-up and 
hold times. 


These system requirements become particularly critical 
when the PLD is driving a chip with a positive hold time. As 
Figure 2 demonstrates, a reduction in the clock-to-output 
time will cause a hold time failure within the system. 


Table 3. PLD to Gate Array Conversion Methodologies 


Gate 
Utilization 


Conversion 
Methodology 


Timing 
Match 


Deterministic Moderate Moderate 


Timing Matching Lowest High 


Figure 2. System Timing Concerns (Positive Hold Times) 


System Clock 


Using a deterministic approach, the gate array logic is 
implemented using blocks similarin structure to those used 
in the PLD, i.e., product terms and sum terms. This 
methodology eliminates the possibility of introducing the 
timing problem described above and is moderately efficient 
in terms of gate utilization and timing matching. 


Timing Matching Conversion 


If a PLD design is completely synchronous, timing 
optimization techniques can be used to find the minimum 
propagation delay foreach path. This information can then 
be used to adjust delay to paths until the maximum signal 
arrival time of the path, as implemented in the gate array, 
matches that of the PLD. As the name of this approach 
implies, this method offers the best timing match between 
gate array and PLD, at the expense of additional buffers to 
adjust specific path timing. 


Comments 


Eliminates internal timing concerns. 


Eliminates both internal and system timing concerns. 


TCO min 


PLD Output X 
a Hold Time for Next Chip 


CMOS ASIC 
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Atmel FPGAs/PLDs - Required Data Base 


The specific file requirements forconverting froman Atmel 
FPGA or PLD are quite straightforward. Table 4 is a cross 
reference for Atmel PLD/FPGA and gate arrays. 


JEDEC Files (PLD) 
ABEL 
CUPL 
LOGIC 


Viewlogic File (PLD, FPGA) 
.GDF (Graphic File) 
.TDF (Text File) 


-HIF, .FIT (Fitter File) 

.POF (Programmer Object File) 
.SNF (Simulation Netlist File) 

. VEC (Simulation Vector File) 


IDS File (FPGA) 
.CDB 


Table 4. Atmel PLD and FPGA/Atmel Gate Array Cross Reference 


Equivalent 
Usable Gates 


AT22V10 
AT18V8 
ATV750 
ATV2500 
AT3000 
ATV5000 


AT6002 
AT6003 
AT6005 
ATL6010 


Note: 


/O Pins 


AIMEL 


Target Atmel“ 
Gate Array 


ATL4 

ATL4 

ATL4 

ATL4, ATL7C 
ATL7C 
ATL10C 


ATL7C, ATL80/15 

ATL10C, ATL80/25 
ATL10C, ATL80/25 
ATL35C, ATL80/75 


1. Target array dependent on number of pins used, and pinout. 
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As discussed earlier, the type of conversion approach that 
is selected will determine how many of aparticular PLD can 
fitontoan array. Atmel’s ATL4 array, featuring up to 2,600 
routable gates and 68 die pads, is used as the target array for 
the following example. 
For a deterministic conversion, the percentage utilizationis 
given by the formula: 
% utilization = (0.15x + 0.008y + 1.52) 
where x is the number of product terms, y the 
number of pins, and z the number of registers. 
Fora timing matching conversion, the percentage utilization 
is given by: 
% utilization = (0.35x + 0.08y + 1.52) 
Figure 3 shows a range for the number of PLD designs 
which will fit onto an ATL4, for selected members of 
Atmel’s ATV family and for both deterministic and timing 
matching approaches. There will often be a wide range of 
PLD utilization within a given system configuration. The 
value shown for the “median” will providea good benchmark 
when considering converting multiple PLDs into a gate 
array. The maximum number shown is typically a function 
of the number of I/O pins required. 


Altera FPGA/PLD - Data Base Required 


Converting from Altera FPGA/PLD into an Atmel gate 
array follows much the same process as converting from an 


Atmel FPGA/PLD. The specific file requirements for 
converting from an Altera FPGA/PLD are the Abel, Cupl or 
other JEDEC based development system files plus the 
ASCII file of the vectors. Table 5 lists the recommended 
Atmel gate array for both the Max Series and Classic Series 
of Altera FPGA/PLD. When conversion froma Max series 
device is desired, there are other files, generated from the 
MAX+PLUS design system, that can be provided to satisfy 
some of the data requirements. 

Using Altera inputs, an FPGA/EDIF 200 netlist with actual 
delay data can be easily extracted. This netlist comes from 
the MAX+PLUS design system and incorporates the delay 
data from the fitter/assembler. These files are: 


MAX+PLUS Files 
Archive File (Menu: File/Project/Archive) 
Should contain these files as a minimum: 

.GDF (Graphic File) 
.TDF (Text File) 
HIF, .FIT (Fitter File) 
-POF (Programmer Object File) 
.SNF (Simulation Netlist File) 
. VEC (Simulation Vector File) 


Figure 3. Number of Specific PLD Designs which will fit in an ATL4 (Min, Median, Max) 


22V10, Deterministic 


22V10, Timing Matching 
V750, Deterministic 
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| Min to Max 


m Median 


V750, Timing Matching 


V2500, Deterministic 
V2500, Timing Matching 


CMOS ASIC 


Table 5. Altera FPGA/PLD/Atmel Gate Array Cross Reference 


Equivalent Target Atmel) 
Altera PLD Usable Gates VO Pins Gate Array 


320/30 150 
610/30/10A 300 
910 450 
1810 900 


Max 5000 ATL4 
ATL4 
ATL4 
ATL4 
ATL4, 7C 
ATL7C 


Max 7000 ATL4, ATL7C 
ATL7C, ATL10C 


ATL10C 

ATL10 

ATL20C, ATL35C 
ATL20C, ATL35C 
ATL20C, ATL35C 
ATL20C, ATL35C 
ATL35C, ATL55C 
ATL35C, 55C,75C 


Equivalent Target Atmel 
Altera FPGA Usable Gates /O Pins Gate Array 


Flex 8000 ATL10C, ATL15C or ATL80/25 
ATL20C or ATL80/60 
ATL35C or ATL80/90 
ATLS55C or ATL80/150 
ATL75C or ATL80/150 


Note: 1. Target array dependent on number of pins used, and pinout. 
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Gate Array Implementation 


After data base acceptance, the design data base is 
converted into an equivalent netlist of primitive cells from 
Atmel’s gate array library. The vectors from the original 
FPGA or PLD design are also converted and are used as 
functional simulation vectors to validate the gate array 
netlist. As these vectors are used to perform any timing 
simulation and form the core of the gate array tester program, 
it is vitally important that an accurate and complete vector 
set is provided. 


After the FPGA or PLD data bases have been converted and 
validated, any additional circuitry, such as memory blocks, 
testability improvement elements, or higher order logic 
functions, can be incorporated into the netlist. Any 
optimization that is necessary to match timing or to improve 
performance can be performed at this point as well. At this 
point, boundary and internal scan can be added and ATPG 
vectors generated. A Preliminary Design Review is then 
held with the customer to review and to approve the results 
of the design conversion. 


Preliminary Design Review (PDR) 
The following items are reviewed at the PDR: 


* Confirmv3 Netlist Checker and tvc Test Vector Checker 
files correct 
¢ I/O buffer listing and bonding diagram 
¢ Preliminary testability compiler report 
¢ Route clock tree and analysis of worst case and best 
case delay 
¢ Verilog simulation at-speed 
-nominal, worst case, best case (with no timing 
violations) 
¢ Review critical path information (tsy, tyoLp, tpp) 
-Verilog or Veritime estimates 
¢ I/O electrical specifications 
¢ Electromigration calculation 


Final Design Review (FDR) 


Beyond this point, the design process follows that of a 
traditionally designed gate array. The cells are placed and 
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routed, a post-route simulation is performed, and checks are 
performed to verify conformance with electrical and design 
rules, and to confirm the logic versus schematic is correct. 
AnFDR is held with the customer to review and approve the 
post route data, and to authorize mask making and prototype 
fabrication. 


The FDR is the last joint review between Atmel and the 
customer before committing to prototypes. Prior to this 
meeting, both Atmel and the customer will have reviewed 
the post-route Verilog-XL simulation incorporating the 
back annotation data. The customer will receive back 
annotation data for complete post-route simulation on their 
CAE systems. Atmel guarantees silicon performance equal 
to or better than that predicted by the post-route Verilog-XL 
simulations. The items to be reviewed at FDR are as 
follows: 


¢ Updates of cell mapping and timing (if any) 
*  Post-route netlist check v3 
-post-route netlist changes 
¢  Post-route timing simulation to specification 
-review clock timing 
-at speed 
-clock skew (if required) 
-listing of timing wamings with explanation 
* Static path analysis (as specified) 
¢ Electromigration calculation 
¢ Bonding diagrams and pin list 
-bond pad plot 
¢ LVS/DRC/ERC 


Prototype Delivery 


Atmel will deliver 10 prototypes in ceramic packages to the 
customer. The units are to verify the functionality and 
electrical performance of the gate array. 
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Synthesis from a Hardware Description 
Language (HDL) 


There has been an increase in the use of HDLs to design 
FPGAs and PLDs as more of the design platforms offer this 
capability. Two of the most popular such languages are 
VHDLand Verilog-HDL. Using alogicsynthesis technique, 
the behavioral level description of an FPGA or PLD can be 
mapped into a functionally equivalent gate array netlist. 
Both hardware description languages are supported by the 
Synopsys Design Compiler. This FPGA/PLD to gate array 
conversion methodology requires the least amount of data 
conversion and allows the flexibility to incorporate such 
features as memory, testability, or higher order logic 
functions into the gate array. This technique is also effective 
when the need to consolidate several FPGA or PLD designs 
into one gate array exists. Synthesis from an HDL offers the 
most efficient utilization of the gate array, at the expense of 
timing matching. Should the user require them, VHDL 
descriptions of the converted FPGAs or PLDs, as well as 
the gate array implementation, can be provided by exporting 
the netlists through Synopsys. 


Testability Improvement and Automatic Test 
Pattern Generation 


The incorporation of testability improvement circuitry into 
an ASIC design becomes more important as the density of 
the design increases. The same can be said for conversion 
and consolidation of large numbers of dense FPGAs or 
PLDs into a gate array. The insertion of scan paths within 
an ASIC and testing via ATPG can provide an easy means 
of screening manufacturing-related defects during testing, 
with a relatively small silicon usage penalty. Using ATPG 
is only a supplement to functional test vectors, not a 
replacement. 


The process consists of replacing existing flip-flops with 
scan flip-flops and connecting them up to form scan chains. 
An input pin and output pin must be identified for each scan 
chain. In general, scan chains should not exceed 64 flip- 
flops in length. Thus, for a design with 600 flip-flops, 10 
input pins and their corresponding output pins must be 
identified. Existing pins may be multiplexed for this use if 
the design is pin limited. Additional pins are required for 
the Test Enable (TE) signal and a Test Mode (TM) signal. 
The TE pin is used to control the flip-flops, placing them in 
either normal mode or scan mode. 


The TM pin is required to bypass violations of testability 
guidelines, an example of which would be gated clocks. 
During testing, all flip-flops in the scan chains must toggle 
on the same clock. If gated clocks exist in the design, logic 
must be designed so that it bypasses this gating when Test 
Mode is active. Since Test Mode is active only during 
ATPG test, the basic function of the design is unaffected. 


Table 6 outlines other testability rules and suggested 
workarounds utilizing the Test Mode signal. When all test 
guidelines are followed, testability insertion and vector 
generation are easily accomplished. Past experience has 
shown extremely high fault coverage (up to 99%) with 
small ATPG vector sets. If these rules are not followed 
closely, incorporating scan and ATPG can require several 
weeks. Itis highly recommended that the FPGA be designed 
using the rules in Table 6if the customer intends to someday 
convert to a gate array and use scan/ATPG. 
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Table 6. Synopsys Test Compiler Guidelines 


Testability Rule 


Synchronous Design 
- No cross coupled gates 
- No unregistered feedback 


Single Edge Clocking 


No Clock Gating 


No Latches 


Single External Reset 

- No asynchronous resets or 
presets generated on chip 

- No combinational logic in 
reset path 


No Internal Tristate Buses 


No Direct Q to D Connections 


Abel, Actel, Altera, Cup], Cadence/Concept, Logic, Mentor, Synopsys, Verilog-XL, Viewlogic and Xilinx may be registered trademarks 


of others. 
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Effects of Infraction 


Associated logic untestable 


Clocked device not allowed in 
scan chain - reduced fault 


Clocked device not allowed in 
scan chain - reduced fault 
coverage 

Not allowed in scan chain, 
reduced fault coverage 


Not allowed in scan chain, 
reduced fault coverage 
Reduced fault coverage, possible 


tristate contention during scan test 


Dynamic Hazard 


Workaround 
Break feedback path with test mode 


In test mode, create single edge 
clocking with inverters and MUXs 


Use data disable flip-flops instead 
of clock enables, disable gating 
in test mode 


Use alternate test methods, force 
latches to transparent mode with 
test mode 


Reset OR'd with test mode 


Use MUXs or AOI gates, insert 
gating of controls to prevent 
contention 


Translation Of Existing ASIC Designs 


Introduction 

It has only been in the last few years that 
designers and users of application 
specific integrated circuits (ASIC) have 
been able to obtain additional sources 
for these types of integrated circuits. 
The introduction of design synthesis 
software by CAD / CAE companies has 
made the task of converting from one 
ASIC vendor’s library into another's, a 
feasible task even for the most dense 
designs. 


The user of an application specific 
integrated circuit who desires the 
flexibility and security offered by having 
multiple sources for what are often key 
system components, or the user who 
requires an improvementin performance 
offered by advanced process 
technologies, now have an easy path to 
satisfy their needs. That path is Atmel’s 
Design Translation ASIC design flow, 
shown in Figure 1. The Design 
Translation flow highlights the major 
steps that are takenin converting anetlist 
into Atmel’s gate array cells, verifying 
the translation, performing the layout 
and realizing the desired circuit 
performance, and fabricating and testing 
the resulting silicon product. 


This application note describes the types 
of data required from the ASIC user and 
the process steps followed by Atmel to 
successfully translate an existing ASIC 


design, and presents the results of two 
translation efforts. The first was an 
effort where the Atmel device 
performance was required to match that 
of the original ASIC. The second was a 
translation where the improved 
performance of Atmel’s device was 
required. The process has been proven 
through successful translation of designs 
from such vendors as LSI Logic, NEC, 
Fujitsu, and Oki, into our 1.0 p ATL 
series gate array family. 


The Process 

Simply stated, the Design Translation 
process maps cells from the original 
design into cells contained in Atmel’s 
cell library. These cells may be 
equivalent primitives or may be soft 
macros which include several primitives. 
The choice of Atmel cell will depend 
upon the required performance objective, 
and, in some instances, hard macros may 
be created to replace soft macros to 
achieve performance goals for the design. 


Once the mapping is complete, the 
process follows Atmel’s normal ASIC 
design flow, including cell placement 
and routing, resimulation using Atmel’s 
“golden” simulator, comparison of 
predicted versus desired performance 
and, after approval of the design by the 
user, PG tape out and prototype 
fabrication. 


AIMEL 


ASIC 
Design 
Translation 


Application 
Note 
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Data Base Required 

ASIC design can be accomplished ona variety of platforms, 
and with a variety of software tools - some open, some 
proprietary. Designs are completed using generic and/or 
vendor-specific library cells as well. This level of flexibility 
available to the ASIC designer does not hinder the translation 
effort. Most design tools are capable of providing a netlist 
in EDIF (EDIF 2.0.0) format. Other netlist formats which 
are acceptable to Atmel are listed below: 


Cadence™ - Verilog-XL™, EDIF 2.0.0 
DAZIX™ - Tegas™, EDIF 2.0.0 

LSI Logic - NDL™ 

Mentor™ - MIF™ 

Racal-Redac™ - EDIF 2.0.0 

Valid™ - EDIF 2.0.0 

Viewlogic™ - EDIF 2.0.0 


Figure 1. Design Translation Flow 


Customer Data Base Acceptance 


In addition to the netlist for the original design, several 
other pieces of information are needed to successfully 
translate the design. Also required are: 


A description of the original design library 
Functional test vectors, print-on-change format 
Device specifications 

Identification of critical and/or asynchronous paths 
“As-routed” delay data from the original design 


To make an assessment of whether the desired performance 
match orimprovement has been achieved, an understanding 
of the starting point must be reached. The description of the 
original cell library, with its functional and timing 
information for each cell, is also essential to the definition 
of the starting point. 


Atmel 


Atmel 


Customer Preliminary Design Review Atmel 


Netlist Translation, 
Simulation and Verification 


Physical Design 


Atmel 


Customer Final Design Review <— Atmel 
Customer Prototype Delivery Atmel 
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If sample parts of the original design can be provided, 
performance data on the actual silicon can be used to help 
establish a baseline. 


The functional vector set (in ASCII or TSSI, print-on- 
change format) serves two purposes. The functional vector 
set, when converted into tester-specific format and used in 
conjunction with the sample devices, provides a mechanism 
for establishing detailed performance attributes of the 
original design. These attributes, such as maximum 
frequency, path timing performance, and buffer 
characteristics to name a few, provide the base for cell and 
buffer selection to match or improve the design. Individual 
performance attributes can also be used as input to a 
waveform comparison tool. This tool, using the actual data 
and the functional test vectors, now converted to simulator 
format, permits the Atmel designer to determine when and 


where timing mismatches occur and adjust the netlist 
accordingly. 


The device specification provides key information 
concerning the required device pin-out, system loading for 
each pin, the desired performance, and the range of operating 
conditions. 


Performance Matching 

Our first example of ASIC translation presents the results 
of work performed for a military application, where 
interchangeability with the original designs was required. 
The original design was an LSI Logic 10K series gate array 
of approximately 5,000 gates. The design was asynchronous 
and had multiple clocks. Samples representing the original 
designs were available at the outset and were characterized 
to supplement the specification requirements. All the data 


Figure 2. Maximum Operating Frequency, 25°C, Vpp = 5.0 V 
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presented is a direct comparison of LSI Logic and Atmel 
silicon. Figure 2, depicting maximum operating frequency 
for constant temperature and voltage, shows how closely 
the performance can be matched. Figures 3 and 4 depict the 
average performance for nine critical paths, for low-to-high 


transitions, both as a function of supply voltage and of 
temperature. And finally, Figures 5 and 6 depict rise and 
fall time of bidirectional buffers. The performance match 
is extremely close. 


Figure 3. Atmel vs LSI Package Test Results for 9 Critical Paths, tpy y7, +25°C 
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The customer performed extensive tester-based and LSI parts were interchanged and mixed and matched on 
characterization and qualification of the Atmel device to boards. The complete system evaluation was performed 
insure that it was pin-for-pin compatible, drop-in and in all tests the Atmel parts proved to be equal or 
replacement of the original LSI Logic part. The parts were superior to the LSI gate array. 

then assembled onto boards and tested again. The Atmel 


Figure 4. Atmel vs LSI Package Test Results for 9 Critical Paths, tp. yy, Vpp = 5.0 V 


25 
24 
23 A Atmel 


- V Ls! 


21 

20 

19 
teLy (ns) 

18 


17 


16 
15 
14 
13 


12 


-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 


Temperature (°C) 


6-87 


Figure 5. Output Rise Time, 8 mA Bidirectional Buffer, 25°C, 120 pF Load, Vpp = 5.0 V 


Output Voltage 
(Volts) 


Figure 6. Output Fall Time, 6 mA Bidirectional Buffer 25°C, 120 pF Load, Vpp = 5.0 V 
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Performance Improvement 

The second example of ASIC translation presents the 
results of work performed for a commercial application. 
This design required approximately 8,000 gates, was 
completely synchronous, and was operating at 25 MHz. 
The customer desired an improvement in performance to 
33 MHz. To achieve this speed, Atmel compared the 
performance of its cells to those of the original design, as 
samples were not available. This evaluation indicated that 
a 30 to 35 percent speed improvement could be realized 
over the existing design. Atmel also employed higher drive 


Cadence, DASIX, LSI Logic, Mentor, MIF, NDL, NEC, Oki, Racal- 
Redac, Synopsys, TDS, TSSI, Valid, Verilog-XL, Veritime and 
Viewlogic may be registered trademarks of others. 


cells where appropriate to further enhance performance. 
Extensive board level testing, performed by the customer, 
confirmed that the Atmel implementation exceeded the 33 
MHz design goal over the rated voltage and temperature 
ranges. 


Atmel’s CMOS Gate Array Design Manual provides more 
detailed information about the gate arrays, design 
methodologies, and individual cell timing, and should be 
used as a reference for evaluating ASIC performance. 


AIMEL _ 


6-90 


Field Programmable Gate Arrays (FPGAs) 


FPGA & Gate Array Application Notes 


SMD Military Products 


Standard Package Outlines 
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Introduction to the SMD Product Listing 


Each Standardized Military Drawing 
(SMD) part number that Atmel supplies cor- 
responds to an Atmel /883 part number. 
SMD products are compliant to MIL-STD- 
883, paragraph 1.2.1 and to the requirements 
of the applicable standardized military 
drawing. The tables in this section list the 
currently approved Atmel SMD parts by 
Atmel part number (Table 1) and by SMD 
part number (Table 2). They define and 
cross reference the Atmel /883 part number 
with the SMD part number for your ordering 
convenience. 


Figure 1 (below) shows how an Atmel 
SMD order number defines a part, com- 
pared to the components of the Atmel sim- 
ilar part number. 


Please note that some SMD part numbers 
contain the letter "M" between the device 
type and the case outline designator. The 
"M" is part of the one part-one part number 
system, set up by DESC. It is a device class 
designator which indicates the part is an 
SMD part number as opposed to being a 
JAN part number. 


Figure 1. Components of an SMD number (top) compared to the Atmel similar part 


number (bottom). 
Standardized 
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Military Drawing SMD_ Class 
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How to Use the Atmel Part Type Reference Table 


The organization of Table 1 enables the purchaser to order a 
standardized military part by using the Atmel generic part type 
to locate the correct SMD drawing number. The SMD part 
number is the order number for SMD devices. The Atmel ge- 
neric part type, which begins with the prefix "AT," heads Table 
1. There are four sections in this table (see the sample table 
below): 


SMD Options 

The first section lists the SMD options available at Atmel. It 
includes the industry generic part type, the SMD drawing num- 
ber, and the SMD device type. The first section also lists the 
SMD case outline options, the lead finish options, the circuit 
description, and the access time that correspond to that device 


type. 


AT28C010 


SMD Options 
with Part Description 
and Specifications 


Order Code 
Cross-Reference 


Order Code Cross-Reference 

The next section of the table cross-references each optionally 
complete SMD part number (see ® below) with the Atmel sim- 
ilar /883 part number (see @ below). 


Case Outline Legend 
The third section gives the SMD case outline options available 
for the device. 


Lead Finish Legend 
The last section lists the SMD lead finish options available for 
the device. 


32B, 32 Lead, 0.600" Wide, Ceramic Side Braze Dual Inline (Side Braze 


44L, 44 Pad, Non-Windowed, Ceramic Leadiess Chip Carrier (LCC) 
32F , 32 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpac 


Allows Hot Tin Dip or Gold (AU 


Gold (AU) 


How to Use the Atmel SMD Number Reference Table 


Table 2 allows quick reference to the Atmel /883 similar part 
number when the purchaser knows the SMD part number. The 
head for Table 2 is the SMD drawing number (see the example 
table below). This table contains a cross-reference between the 


Order Codes 


5962-38267 


5962-38267 01M YX | AT28C010-25LM/883 


Order Code 
Cross-Reference 5962-38267 01M ZX | AT28C010-25F W883 
5962-38267 03M XX | AT28C010-20BM/883 
5962-38267 03M YX | AT28C010-20LM/883 


5962-38267 03M ZX | AT28C010-20F W883 


i 
: SS ee 


5962-38267 01M XX | AT28C010-25BM/883 | 128K x6, 1-Mbit E2PROM 
Polling 

128K x 8, 1-Mbit EPROM 

Bata Polling 

128K x 8, 1-Mbit E7PROM 

Data Polling 

128K x 8, 1-Mbit E2PROM 

Data Polling 

128K x 8, 1-Mbit E2PROM 

Data Polling 


128K x 8, 1-Mbit E27PROM 
Bata Polling 


optionally complete SMD drawing number (see @ below) and 
the corresponding Atmel similar /883 part number (see @ 
below). It also includes the circuit description and access time 
for that part number. 


Part Description and Specifications 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number 


AT22V10 


Number Type Outline Finish Circuit Description 
5962-88670 01 22-Input, 10-Output and-or-Logic Array 
5962-88670 02 22-Input, 10-Output and-or-Logic Array 
5962-88670 04 22-Input, 10-Output and-or-Logic Array 
5962-88670 05 


Atmel Cage No. Example: Atmel Order Number Atmei Similar Part Number 
ne 5962-88670 01 LX AT22V10-25DM/883 
5962-88670 01 3X AT22V10-25LM/883 
5962-88670 02 LX AT22V10-30DM/883 
5962-88670 02 3X AT22V10-30LM/883 
5962-88670 04 LX AT22V10-20DM/883 
5962-88670 04 3X AT22V10-20LM/883 
5962-88670 05 LX AT22V10-15DM/883 
5962-88670 05 3X AT22V10-15LM/883 


AT22V10B 


C22V10B Drawing Device Case Le TPD 
Number Type Outline Finish Circuit Description (ns) 


5962-87539 | 06 | L,3,X | X,A,C | 22-Input, 10-Output and-or-Logic Array | 10 — 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 
vei 5962-87539 06 LX AT22V10B-10DM/883 
5962-87539 06 3X AT22V10B-10LM/883 
5962-87539 06 XX AT22V10B-10KM/883 


3 | 28LW, 28 Pad, Windowed, Ceramic Leadiess ChipCarier(CQ) 
x | 28KW, 28 Lead, Windowed, Ceramic -Leaded Chip Garrier(LCO) 
|X | AllowsHotTinDiporGold (AU) 
| A Hot Tin Dip 

pC | Gol AU 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT22V10L 
Standardized Military Drawing Number 


C22V10L Drawing Device TPD 
Number 1 Circuit Description (ns) 


5962-88724 X, A, C | 22-Input, 10-Output and-or-Logic Array 
5962-88724 X, A, C | 22-Input, 10-Output and-or-Logic Array 
5962-88724 X, A, C | 22-Input, 10-Output and-or-Logic Array 
Atmel Cage No. Exampie: Atmel Order Number Atmel! Similar Part Number 
Leics 5962-88724 01 LX AT22V10L-25DM/883 
5962-88724 01 3X AT22V10L-25LM/883 
5962-88724 02 LX AT22V10L-30DM/883 
5962-88724 02 3X AT22V10L-30LM/883 
5962-88724 04 LX AT22V10L-20DM/883 
5962-88724 04 3X AT22V10L-20LM/883 


Case Outline 


| L | 24DW3, 24 Lead 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
| 3 | 28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 
Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| A | Hot Tin Dip 
| ¢ | Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


AT22V10 OTP 
Generic Number 


Lead TPD 
Finish Circuit Description (ns) 


Device Case 
Type Outline 


C22V10 OTP Drawing 
Number 

5962-87570 01 

5962-87570 02 

5962-87570 04 

5962-87570 05 


Atmel Cage No. Example: Atmel Order Number 


1FN41 


5962-87570 01 LX 
5962-87570 01 3X 
5962-87570 02 LX 
5962-87570 02 3X 
5962-87570 04 LX 
5962-87570 04 3X 
5962-87570 05 LX 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 


Atmel Similar Part Number 
AT22V10-25GM/883 
AT22V10-25NM/883 
AT22V10-30GM/883 
AT22V10-30NM/883 
AT22V10-20GM/883 
AT22V10-20NM/883 
AT22V10-15GM/883 


SMD PLDs 


5962-87570 05 3X AT22V10-150NM/883 


AT22V10L OTP 


Generic Number Standardizedized Military Drawing Number Description 


Number Type Outline Finish Circuit Description 
5962-89755 01 L,3 X, A, C | 22-Input, 10-Output and-or-Logic Array 
5962-89755 02 L,3 | X,A,C | 22-Input, 10-Output and-or-Logic Array 
5962-89755 04 L,3 X,A,C | 22-Input, 10-Output and-or-Logic Array 
Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 
= 5962-89755 01 LX AT22V10L-25GM/883 
5962-89755 01 3X AT22V10L-25NM/883 
5962-89755 02 LX AT22V10L-30GM/883 
5962-89755 02 3X AT22V10L-30NM/883 


5962-89755 04 LX AT22V10L-20GM/883 
5962-89755 04 3X AT22V10L-20NM/883 


Case Outline 
24D3, 24 Lead 0.300" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 
28L, 28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 

Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| A__| HotTin Dip 
| © | Gold (AU) 


TPD 
(ns) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


ATV750 


Generic Number Standardized Military Drawing Number Description 


V750 Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description 


y (ns) 
5962-88726 02 L,3 X, A, C | 22-Input, 10-Output and-or-Logic Array 
5962-88726 03 Ls X, A, C | 22-Input, 10-Output and-or-Logic Array 
5962-88726 04 L,3 | X,A,C | 22-Input, 10-Output and-or-Logic Array 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 


1FN41 


5962-88726 02 LX 
5962-88726 02 3X 
5962-88726 03 LX 
5962-88726 03 3X 
5962-88726 04 LX 
5962-88726 04 3X 


ATV750-35DM/883 
ATV750-35LM/883 
ATV750-25DM/883 
ATV750-25LM/883 
ATV750-20DM/883 
ATV750-20LM/883 


ATV750L 


V750L Drawing Device Case Lead TPD 
Number Type Outline Finish Circuit Description (ns) 

5962-88726 06 L.3 X, A, C | 22-Input, 10-Output and-or-Logic Array 

5962-88726 07 L,3 X, A, C | 22-Input, 10-Output and-or-Logic Array 


Atmel Cage No. Example: Atmel Order Number Atmel Similar Part Number 


1FN41 


5962-88726 06 LX 
5962-88726 06 3X 
5962-88726 07 LX 
5962-88726 07 3X 


ATV750L-30DM/883 
ATV750L-30LM/883 
ATV750L-25DM/883 
ATV750L-25LM/883 


Case Outline 
24DW3, 24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
| 3 | 28LW, 28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 

Lead Finish 


|X | Allows Hot Tin Dip or Gold (AU) 
| A | HotTin Dip 


Gold (AU) 
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Table 1. Atmel SMD Part Types, Listed by Atmel Part Number (continued) 


ATV2500H 


Standardized Military Drawing Number 


V2500 Device TPD 
Type Circuit Description (ns) 

5962-91545 Q,X,Y | X,A,C | 38-Input, 24-Output and-or-Logic Array 

5962-91545 Q,X,Y | X,A,C | 38-Input, 24-Output and-or-Logic Array 


Atmei Cage No. Example: Atmel Order Number Atmel Similar Part Number 


1FN41 


5962-91545 01M QX 
5962-91545 O1M XX 
5962-91545 O1M YX 
5962-91545 02M QX 
5962-91545 02M XX 
5962-91545 02M YX 


ATV2500H-35DM/883 
ATV2500H-35LM/883 
ATV2500H-35KM/883 
ATV2500H-25DM/883 
ATV2500H-25LM/883 
ATV2500H-25KM/883 


ATV2500L 


ot eS 
Number Type Circuit Description 
OT LH SS a eee te 
Atmel Cage No, 
ii 5962-91545 03M QX ATV2500L-30DM/883 
5962-91545 OSM XX ATV2500L-30LM/883 
5962-91545 O3M YX ATV2500L-30KM/883 


Case Outline 
40DW6, 40 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 
44LW, 44 Pad, Windowed, Ceramic Leadiess Chip Carrier (LCC) 


44KW, 44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


Lead Finish 
|X | Allows Hot Tin Dip or Gold (AU) 


pA | HotTinDip 
|G | GOA) 


AIMEL e 


Table 2. Atmel SMD Part Types, Listed by SMD Number 


9962-87539 


Atmel Order Number Atmel Similar Part Number Circuit Description vs 


5962-87539 0 
5962-87539 
5962-87539 
5962-87539 
5962-87539 
5962-87539 
5962-87539 
5962-87539 
5962-87539 
5962-87539 
5962-87539 


5962-88670 


Atmel Order Number Atmel Similar Part Number Circuit Description vs 


5962-88670 
5962-88670 
5962-88670 
5962-88670 
5962-88670 
5962-88670 
5962-88670 
5962-88670 
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AT22V10-25DM/883 
AT22V10-25LM/883 
AT22V10-30DM/883 
AT22V10-30LM/883 
AT22V10-20DM/883 
AT22V10-20LM/883 
AT22V10-15DM/883 
AT22V10-15LM/883 
AT22V10B-10DM/883 


AT22V10B-10LM/883 
AT22V10B-10KM/883 


AT22V10-25GM/883 
AT22V10-25NM/883 
AT22V10-30GM/883 
AT22V10-30NM/883 
AT22V10-20GM/883 
AT22V10-20NM/883 
AT22V10-15GM/883 
AT22V10-15NM/883 


AIMEL 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 


sy hVLL> 391 SS aiesemamamemmarmse: 5 paca tea uemamamaaemmmammnase 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


5962-88724 
ee 


AT22V10L-25DM/883 
AT22V10L-25LM/883 
AT22V10L-30DM/883 
AT22V10L-30LM/883 
AT22V10L-20DM/883 
AT22V10L-20LM/883 


Atmel Order Number 


5962-88724 01 LX 
5962-88724 01 3X 
5962-88724 02 LX 
5962-88724 02 3X 
5962-88724 04 LX 
5962-88724 04 3X 


5962-88726 


Atmel Order Number 


5962-88726 02 LX 
5962-88726 02 3X 
5962-88726 03 LX 
5962-88726 03 3X 
5962-88726 04 LX 
5962-88726 04 3X 
5962-88726 06 LX 
5962-88726 06 3X 
5962-88726 07 LX 
5962-88726 07 3X 


Atmel Similar Part Number 


ATV750-35DM/883 
ATV750-35LM/883 
ATV750-25DM/883 
ATV750-25LM/883 
ATV750-20DM/883 
ATV750-20LM/883 
ATV750L-30DM/883 
ATV750L-30LM/883 
ATV750L-25DM/883 
ATV750L-25LM/883 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 


Circuit Description 


22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
22-Input, 10-Output and-or-Logic Array 
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Table 2. Atmel SMD Part Types, Listed by SMD Number (continued) 


9962-89755 


Atmel Order Number Atmel Similar Part Number 


5962-89755 01 LX AT22V10L-25GM/883 22-Input, 10-Output and-or-Logic Array 
5962-89755 01 3X AT22V10L-25NM/883 22-Input, 10-Output and-or-Logic Array 
5962-89755 02 LX AT22V10L-30GM/883 22-Input, 10-Output and-or-Logic Array 
5962-89755 02 3X AT22V10L-30NM/883 22-Input, 10-Output and-or-Logic Array 
5962-89755 04 LX AT22V10L-20GM/883 22-Input, 10-Output and-or-Logic Array 
5962-89755 04 3X AT22V10L-20NM/883 22-Input, 10-Output and-or-Logic Array 


5962-91545 


Atmei Order Number Atmei Similar Part Number Circuit Description Ga 


5962-91545 01M ATV2500H-35DM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 01M ATV2500H-35LM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 01M ATV2500H-35KM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 02M ATV2500H-25DM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 02M ATV2500H-25LM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 02M ATV2500H-25KM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 03M ATV2500L-30DM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 03M ATV2500L-30LM/883 38-Input, 24-Output and-or-Logic Array 
5962-91545 03M ATV2500L-30KM/883 38-Input, 24-Output and-or-Logic Array 
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CMOS Programmable Logic Devices (PLDs) 


Field Programmable Gate Arrays (FPGAs) 


Reine ia seu aba menue aunts cc ae ara eae che cee te one ec uae ee eer ee e 


SMD Military Products ee 


Standard Package Outlines Be 


Miscellaneous Information 


RRR si RIMM 


Section8 Standard Package Outlines 


EG FG CONG nec cnicieiecerensccsonsssanancsienantiannaonnantiiimtentsienmentensnnroneestavnneanaunnast 8-3 
Thermal Characteristics Of Atmel] PaCkages............sssssssssssssssssssssrsssrsssnenseseseeeseesseceeeeeserenes 8-15 


AIMEL 8-1 


ee ee 


Each Atmel data sheet includes an Ordering Information Section which specifies the package 
types available. This section provides size specifications and outlines for all package types. 


Package 
100A 


144A 


20D3 


24D3 


24DW3 


40DW6 


20J 


Description See Page 
100 Lead, Thin (1.0 mm) Plastic Gull Wing Quad 

PRE A RE CVE} cetscscrensinsicassinvesansecitopitannanticiaaianinaciptanieensianduiansaaicls 8-4 
144 Lead, Thin (1.4 mm) Plastic Gull Wing Quad 

Pie FOC Rte LOE} ananicinanieniowaremmnnniennnrnmonman 8-4 
20 Lead, 0.300" Wide, Non-Windowed, 

Ceramic Dual Inline Package (Cerdip) ...............ssssscssssssessscsssesreeessenees 8-5 
24 Lead, 0.300" Wide, Non-Windowed, 

Ceramic Dual Inline Package (Cerdip) .............s.scccsssssssscereceeseesesseeeeeees 8-5 
24 Lead, 0.300" Wide, Windowed, 

Ceramic Dual Inline Package (Cerdip) .............csssscssssssssessseesscsseesseeeee 8-5 
40 Lead, 0.600" Wide, Windowed, 

Ceramic Dual Inline Package (Cerdip) .............ccscssscessssssessccescssseeeseceees 8-5 
20 Lead, Plastic J-Leaded Chip Carrier (PLCC) ............ccccsscsssssscessessseseeenes 8-6 
28 Lead, Plastic J-Leaded Chip Carrier (PLCC) ..........csscsssssscscessssssesessseacees 8-6 
44 Lead, Plastic J-Leaded Chip Carrier (PLCC) ............cssccssscessscessecsseeseeeees 8-6 
68 Lead, Plastic J-Leaded Chip Carrier (PLCC) ........sscccssssscssssssssssscessescees 8-6 
84 Lead, Plastic J-Leaded Chip Carrier (PLCC) ..........csscscsssscosssssssssscsssesseee 8-7 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC).............:00000 8-8 
44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (ILCC) ............sssce00e 8-8 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) ............seee0 8-8 
20 Pad, Non- Windowed, Ceramic Leadless Chip Carrier (LCC)................. 8-9 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC).............0004 8-9 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) ............scssceceeees 8-9 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) ............cesccsceeeeee 8-9 
20 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) .................000 8-10 
24 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)..................0000 8-10 
40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) ...............000004 8-10 
132 Lead, Plastic Gull Wing Quad Flat Package ( PQFP))............sccsssesseeees 8-11 
20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)............... 8-12 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)................ 8-12 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA)...........sccscccsssecereeceeeees 8-13 


Note: 1. Dimensions shown do not include lead plating or mold flash. 
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Standard 
Package 
Outlines 
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100A, 100 Lead, Very Thin (1.0 mm) Plastic Gull Wing 144A, 144 Lead, Thin (1.0 mm) Plastic Gull Wing 
Quad Flat Package (VQFP) Quad Flat Package (TQFP) 
Dimensions in Inches and (Millimeters) Dimensions in Inches and (Millimeters) 


0.876(22.26) 

0.640(16.25) 0.656(21.75) 

sic bide LULL OOOO 
£.907/0.17) 


0,007(0.17) 


| 
| 
| 
| + 0.011(0.27) 
| 
| 
} 
| 


j 

| 

| 

soecie L_S 
rs 
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0.547(13.90) 0.037(0.95) 0.791(20.1) 
0.044(1.12) 0.78319.9) 


0.002(0.05) 
0.030(0.75) COS. 0300. 0.008(0.15) 
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20D3, 20 Lead, 0.300" Wide, Non- Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-8 CONFIG A 


rsa Pa 
.935(23.7) 


"285 (7.24) 
mi a meh 


.900 (22.87) 


‘200 (6. awh Ts H t27 


SEATING 
PLANE 
TE. 1,52 


.200 (5.08) at oie tae 
fem in 023 (.584) 
065 (11.65) 014 (.356) 
rrURr 14) 


:325 (8.25) 
| | .300 (7.62) 
.015 (.381 


0 REF 
15 
008 (.203) 


|__| .400 (10.2) MAX 


.110 (2.79) 
‘Spo oe) 


24DW3, 24 Lead, 0.300" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-9 CONFIG A 


1.28 (32.5) 
r 24 (31 3) Fa 


sy SESEaE8 a 
.310 (7.87) 
285 (7.24) 
f oO | he 


Li 100 (27.94) rer ———| 
i 


a ig 


bie a. 


045 (1.14) 
.320 (8.13) 
.290 (7.37) 
0 REF 
15 


|+———.400 (10.2) MAX 


-060 (1.52) 
ea 


re 
.110 (2.79) 
any 


015 (.381 
.008 (.203) 


24D3, 24 Lead, 0.300" Wide, Non- Windowed 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-9 CONFIG A 


— .28 (32.5) 
1.24 (31.5) . i 


_t ) 
L—1. 100 (27.94) REF uaa WAX 


,008 (, ue 
nal 
SEATING Fa 


PLANE 


fee | 
125 (3.18 
065 (1.65) 


.110 (2.79) 045 ETRE 14) 
090 000 (2.28) 28) 325 (8.25) 
C | "300 (7.62) 


9 
ig REF 


.310 (7.87) 
.285 (7.24) 


.200 (5.08) 
MAX 


lhe aan 
023 (.584) 
1014 (.356) 


015 (.381) 


008 (.203) 
— 400 (10.2) MAX 


40DW6, 40 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 D-5 CONFIG A 


2.09 (53.1) 
2.04 (51.8) 


.610 (15.5) 
570 (14.5) 


TOU OU oO | 098 (2.48) 
| — 1.000 (48.26) REF = 


005 (.127) 
MIN. 


1 


060 (1.52) 
015 (.381) 


023 (.584 
014 (.356) 


045 (1. 
: : .620 (15.7) 
= 159) 7] : 
i REF 
015 (.381) 
.008 (.203) 


.700 (17.8) MAX 


20J, 20 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 


»  PINNO.1 048: (1.14) X30 - 45" 012 (908) 
[048 (1.14) X48 IDENTIFY 4 ‘008 (.203) 


= 
L = 


ee 


1013 (.330 


.050 (1.27) TYP 
.200(5.01) REF SQ 


1.09) 
_ .020 (.508) 
120 (3.05) 
.090 (2.29) 
-180 (4.57) 
.165 (4.19) 
S annennts .022 (.559) X 45° MAX (3X) 


44J, 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO-047 AC 


. 045 (1.14) X 30-45 
045 (1.14)X 45. PINNO. 1 012 (305) 
IDENTIFY t- ~T- “008 (203) 


“F, 
Ls 


032 (813) J 
026 (.660) L 


r 


050 (1.27) TYP 


.500 (12.7) REF SQ 020 (.508) 


120 (3.05) 


.090 (2.29) 
180 (457) 


165 (4.19) 


8-6 Packages 


E f 
1 .395(10.0) 430 (10.9 
, .385(9.8) - .390 aif 


28J, 28 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 


JEDEC OUTLINE MO-047 AB 
; 045 (1.14) X 30-45 
pos WARE ~ meer os an 
7 
1 $)!sq 
032 (813) J 013 (. 
“026 (.660) "430 ( 
sa 
.050 (1.27) TYP 


.300 (7.62) REF SQ 
Severn .022 (.559) X 45 °MAX (3X) 


68J, 68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO-047 AE 


045 (1.14) X 30- 45. 


+ PINNO. 1 
“a X45 > IDENTIFY oe a 
i = 
. ‘. sa TF 
: 021 (.633) 


.032 (.813) | (24.1) 
026 (.660) it £995 (25.3) 
.985 (26.0) 


050 (1.27) TYP 


165 (4.19 


Sonnet 020 (0.51) X 45 MAX (3X) 


ee ee 


84J, 84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC OUTLINE MO-47 AF 


045 (1.14) X 30-45. 


032 (.813) J . . 
.026 (.660) iE : 1.20 (30.4)o9 
T 1.19 (30.0) 
.050 (1.27) TYP 1.00 REF SQ .020 (0.51) MIN 
-130 (3.30) 
.090 (2.29) 


.200 (5.08) 
165 (4.19) 


= once 020 (0.51) X 45 MAX (3X) 
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28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J7 

JEDEC OUTLINE MO-087 AA 


44KW, 44 Lead, Windowed, 

Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J1 


035 (.889) X 45 035 (.889) X 45° 


.010 (.254) 


045 (1.14) X45 
i ia 
x 


anit O | 
026 (.660) 
L 
T 
iia a i 045 (1.14) 


.500 (12.7) REF SQ .035 (.889) 
.120 (3.05) 


(090 (2.29) 
.180 (4.57) 
.156 (3.96) 
\— .025 (.635) RADIUS MAX (3X) 


045 (1.14) X45 
eS teas 
1 


032 (.813)} C) 
.026 (.660) 
r 
050 (1.27) TYP = 


090 (2.29) 
.180 (4.57) 
.156 (3.96) 
\— .025 (.635) RADIUS MAX (3X) 


68KW, 68 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J2 

JEDEC OUTLINE MO-087 AD 


430 (10.9) 
-390 (9.91) 


.630 (16.0) 
590 (15.0) 


ts 


.032 (.813) J 
026 (.660) | 


045 (1.14) 

035 (.889) 
.800 REF SQ “120 (3,08) 
.090 (2.29) 
.200 (5.08) 
.155 (3.94) 


.050 (1.27) TYP 


= 


025 (.635) RADIUS MAX (3X) 
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Packages 


20L, 20 Pad, Non- Windowed, 

Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-4 


28L, 28 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-4 


.460 (11.7) .460 (11.7) 
.442 (11.2) .442 (11.2) 


.430 (10.9) .100 (2.54) .430 (10.9) 
-380 (9.65) .085 (2.16) -380 (9.65) 


PIN 1 


055 (1.40 
095 (2.41) TERY *f INDEX CORNER 


075 ri 7 


PIN 1 


.095 (2.41 oR? cr , INDEX CORNER 


TL .025 (.635) y 4 
T “ oistae) T tee) 

RADIUS 012 (:305) Ranius 
029 (.737) 029 (.737) 
1 tr ara (.533) —_ t 021 (.833) 

050 (1.27) TYP “1 © 040 (1.02) x 45° 050 (1.27) TYP "7 © 040 (1.02) x 48° 

085 (2.16) 085 (2.16) 
300 (7.62) BSC “065 (1.65) 300 (7.62) BSC “065 (1.65) 


*Ceramic lid standard unless specified. *Ceramic lid standard unless specified. 


28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-4 


44LW, 44 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 

Dimensions in Inches and (Millimeters)* 
MIL-STD-1835 C-5 


460 (11.7) 
442 (11.2) 662 (16.8) 


.640 (16.3) 
570 (14.5 
‘540 (13.7) 


.430 (10.9) 
380 (9.65) 


080 (2.03) 
PIN 1 sik ai 


055 (1.40 055 (1.40 
095 (2.41) ‘ous (114 (1. 8 Pe eee 095 (2.41) _ |.046 mais a INDEX CORNER 
oe (1.91 ‘075 FEET 91 
025 (.635) y 4s e 
es: t 2 —£ rt tah * 
012 (305) Ranius 012 (.305) 
siideans t | 007 (178) ara me — | 007 (178) ee 
| : 029 (.737) T .029(.73 
4 021 (.833) 1 Tmo 
050 (1.27) TYP "1 © 040 (1.02) x 45°(3x) 050 (1.27) TYP 1 © .040 (1.02) x 48° (3X) 
.085 (2.16) .085 (2.16) 
.300 (7.62) BSC .065 (1.65) .500 (12.7) REF .065 (1.65) 


*Ceramic lid standard unless specified. 


AIMEL 89 


*Ceramic lid standard unless specified. 


20P3, 20 Lead, 0.300" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 


1,060 (26.9) 
| . .980 (24.9) cin | 
1 
"240 (6.10) 


ms — 090 (2.29) 
900 (22.86) MAX. 


a ns | i ene 
n= POPP 


24P3, 24 Lead, 0.300" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 


1.27 (32.3) 
1.25 (31.7) 


005 (.127) 
MIN. 


PLANE 


se LO En 


3.81) .015 (.381) MIN .070 (1.78) 
eel | IL AL eee sia] | -. 
014 (.356 023 (. 
410 12.20) 070 (1.78) 014 (.356) 
'o00 (22) eerste ate Sanne 


325 (8.26) 
300 (7.62) 
£ REF 
014 (.356)_ 
008 (.203) 
.430 (10.92) MAX 


—— 400 (10.2) MAX 


40P6, 40 Lead, 0.600" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 


2.07 (52.6) 
rb 04 (51 oi 


tts 
530 (13.5) 


.090 (2.29 28) 
1.900 (48.26) REF = 


220 Ve 59) fat 005 (. 127) 
SEATING 
PLANE + ca 
LY 4.09 miaan 
125 (3.18 022 (558) 
065 (1.65) res 
.110 (2.79) .041 (1.04) 
ee 29) 
.630 (16.0) 
[580 (15.0) 
2 REF 
012 (.305) 
008 (.203) 


—— S07) 
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Packages 


132Q, 132 Lead, Plastic Gull Wing Quad Flat 


Package (PQFP) 
Dimensions in Inches and (Millimeters) 


1.085(27.56) 


saQ 
1.075(27.31 | 
PIN 11D — 


‘\ Hii! WW ) 
O : eo} |= 0.012(0.31) 
0.008(0.20) 


0.027(0.68) 


0.023(0.68) |} = 
tT 


1.103(28.02) sa 
1.097(27.86) 0.220(5.59) 


0.006(0.20) 0.180(4.57) 


QQ 
0.004(0.10) ENTITY 


|__ _0.030(0.76) 0.040(1.02) _ 
0.020(0.51) 0.020(0.51) 


811 


20S, 20 Lead, 0.300" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


mat 
0194360) "| 


rt. 20 (10.7) 
= dai aa — (9.98) 
PIN 11D 


050 (1.27) BSC 


.513 (13.0) 
se 


a Tie so fof 


013 (.330) 
(009 (.229) 


cr 


.035(0.889) 
: REF 015 (.381) 
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24S, 24 Lead, 0.300" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions in Inches and (Millimeters) 


ata 
ora(0) 


a Lt. 7) 
ye, “r 39) = (9. cee 
PIN 11D 


.050 (1.27) BSC 


816 (15.6) 
a 


pope 


a oe st 7 


05 (2.67) 


a 34) 


013 (.330) 
009 (.229) 


Po! “VLSI a Co team ae eae mine inane aso 


68UW, 68 Pin, Windowed, Ceramic 
Pin Grid Array (PGA) 
Dimensions in Inches and (Millimeters) 


2325 (8.26) 
INDEX MARK .305 (7.75) 
1.18 (30.0) SO 


.145 (3.68) 
1.14 (29.0) SQ 125 (3.18) 


.008 REF 


2140 (3,56) 
.120 (3.05) 
INDEX MARK 2055 (1.40) 
.045 (1.14) 
ABCDEFGHJ KL 


SOOWDOODOOOGS 
©CODOOOOOOSGS 
©oO © 


.100 (2.54) TYP 


“SO COON @OW2 OW PH — 


—_— — 


.100 (2.54) TYP 


Packages 
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Thermal Characteristics of Atmel Packages 


The thermal performance of the semicon- 
ductor package is a very important consider- 
ation for the board designer. The reliability 
and functional life of the device is directly 
related to its junction operating temperature. 
As the temperature of the device increases, 
the stability of its junctions decline, as does 
its reliable life. The thermal performance is 
also important to the board design, because 
it may limit the board density, or dictate the 
board location of high power-dissipating de- 
vices, or require expensive cooling methods 
for the system. As devices have become 
more complex and boards have become 
denser, the need to account for the thermal 
characteristics of packages has shifted from 
being a minor consideration to being a nec- 
essary consideration. 


The thermal performance of a package is 
measured by its ability to dissipate the 
power required by the device into its sur- 
roundings. The electrical power drawn by 
the device generates heat on the top surface 
of the die. This heat is conducted through 
the package to the surface and then trans- 
ferred to the surrounding air by convection. 
Each heat transfer step has a corresponding 
resistance to the heat flow, which is given 
the value 6, the thermal resistance coeffi- 
cient. Subscripts are added to the coefficient 
to specify the two points that the heat is 
transferred between. Commonly used coef- 
ficients are 6y4 (junction to ambient air), 
@jc (junction to package case), and 6ca 
(case to ambient air). 


An electrical analogy can be made, as 
shown in the figure below, to illustrate the 
heat flow of a package. The heat transfer can 
be characterized mathematically by the fol- 
lowing equation, 


Tj -Ta=P x ®ya 


where, 

P = Device operating power [watts] 
Tj = Temperature of a junction on the 
device [ C] 

Temperature of the surrounding 
ambient air [ C ] 


Ta 


Two conclusions can be made after examin- 
ing this analogy. First, the lower the value of 
OsA, the better the heat dissipation of the 
package. Secondly, the value of 8ya is di- 
rectly dependent upon both the conductive 
(8jc) and convective (6ca) properties of the 
package. 9jc is a function of the package 
material, the adhesion between the package 
materials, and device size. 6c is a function 
of the package size and configuration, pack- 
age mounting method, and air flow across 
the package. Lower @ya values can be 
achieved by specifying ceramic packages 
instead of plastic packages, choosing larger 
packages, or improving air flow across the 


package. 


The thermal resistance values of Atmel 
standard packages are listed on the follow- 
ing page. The figures shown are maximum 
values for 8, typical values are lower depen- 
dent upon the device type. 


HEAT FLOW 


Thermal 
Specifications 
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Thermal Resistance Coefficients 


Ceramic DIP 


Plastic DIP 


Leadiess 
Chip Carrier (LCC) 


Plastic Leaded Chip 
Carrier (PLCC) 


J-Leaded 
Chip Carrier 
(JLCC) 


Ceramic Pin Grid 
Array (PGA) 
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6a [ “C/W ] 
Airflow = 0 ft/min 
24D3/DW3 65 
40DW6 40 
24P3 82 
40P6 68 
28L/LW 68 
44LW 60 
60 
50 
45 
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Miscellaneous Information 
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Flash PEROMs 


Part Number 


Organization 


Speeds 


Description 


Low Voltage 


AT29LV256 
AT29LV512 
AT29LV010 
AT29LV020 
AT29LV040 


32K x 8 
64K x 8 
128K x 8 
256K x 8 
512K x8 


200-250 ns 
200-250 ns 
200-250 ns 
200-250 ns 
200-250 ns 


256K, 3-Volt Programmable, Erasable ROM 
512K, 3-Volt Programmable, Erasable ROM 
1-Mbit, 3-Volt Programmable, Erasable ROM 
2-Mbit, 3-Volt Programmable, Erasable ROM 
4-Mbit, 3-Volt Programmable, Erasable ROM 


AT29C256 
AT29C257 
AT29C512 
AT29C1024 
AT29C010 
AT29C020 
AT29C040 


32K x 8 
32K x 8 
64K x 8 
64K x 16 
128K x8 
256K x 8 
512K x 8 


Serial EEPROMs 


Part Number 


AT24C01 
AT24CO1A 
AT24C02 
AT24C04 
AT24C08 
AT24C16 
AT24C164 
AT93C46 
AT93C56 
AT93C57 
AT93C66 
AT59C11 
AT59C22 
AT59C13 


Organization 


128x8 
128x8 
256 x 8 
512x8 
1024 x8 
2048 x 8 
2048 x 8 
64x 16/128x8 
128 x 16/ 256x8 
128 x 16/ 256x8 
256 x 16/512 x8 
64x 16/128x8 
128 x 16/ 256 x8 
256 x 16/512x8 


90-250 ns 
90-250 ns 
90-200 ns 
90-200 ns 
90-200 ns 
100-200 ns 
120-250 ns 


1.8, 2.5, 2.7, 5.0 V 
1.8, 2.5, 2.7,5.0 V 
1.8, 2.5, 2.7, 5.0 V 
1.8, 2.5, 2.7, 5.0 V 
1.8, 2.5, 2.7, 5.0 V 
1.8, 2.5, 2.7, 5.0 V 
1.8, 2.5, 2.7,5.0 V 
1.8, 2.5, 2.7, 5.0 V 
2.7,5.0V 
2.7,5.0V 
2.7,5.0 V 
2.7,5.0 V 
2.7,5.0V 
2.7,5.0V 


256K, 5-Volt Programmable, Erasable ROM 
256K, 5-Volt Programmable, Erasable ROM 
512K, 5-Volt Programmable, Erasable ROM 
1-Mbit, 5-Volt Programmable, Erasable ROM 
1-Mbit, 5-Volt Programmable, Erasable ROM 
2-Mbit, 5-Volt Programmable, Erasable ROM 
4-Mbit, 5-Volt Programmable, Erasable ROM 


Description 


2-Wire, 1K Serial E7PROM 
2-Wire, 1K Serial E7PROM 
2-Wire, 2K Serial E7PROM 
2-Wire, 4K Serial E7PROM 
2-Wire, 8K Serial E7PROM 
2-Wire, 16K Serial E7PROM 
2-Wire, 16K Serial E7PROM 
3-Wire, 1K Serial E7PROM 
3-Wire, 2K Serial EPROM 
3-Wire, 2K Serial E7PROM 
3-Wire, 4K Serial E7PROM 
4-Wire, 1K Serial E7PROM 
4-Wire, 2K Serial E7PROM 
4-Wire, 4K Serial E7PROM 


AIMEL 
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Parallel EEPROMs 


Part Number 
High Speed 
AT28HC64B 
AT28HC256,L 
AT28HC256E,LE 
AT28HC256F ,LF 


Low Voltage 


AT28LV64 
AT89LV64B 
AT28LV256 


Standard 


AT28C04 

AT28C04E 
AT28C04F 
AT28C16 

AT28C16E 
AT28C16F 
AT28C17 

AT28C17E 
AT28C17F 
AT28C64 

AT28C64E 
AT28C64F 
AT28C64X 
AT28C64B 


AT28C256 
AT28C256E 
AT28C256F 
AT28C1024 
AT28C010 
AT28C010E 


Organization 


512x8 
512x8 
§12x8 
2K x8 
2Kx8 
2K x8 
2K x8 
2K x8 
2K x8 
8Kx8 
8K x8 
8K x8 
8K x8 
8K x8 


32K x 8 
32K x 8 
32K x 8 
64K x 16 
128K x 8 
128K x 8 


55-120 ns 
70-120 ns 
70-120 ns 
70-120 ns 


200-300 ns 
200-300 ns 
200-300 ns 


150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
150-250 ns 
120-350 ns 
120-350 ns 
120-350 ns 
150-450 ns 
150-250 ns 


150-350 ns 
150-350 ns 
150-350 ns 
120-250 ns 
120-250 ns 
120-250 ns 


Description 


64K E2PROM with 64-Byte Page & Software Data Protection 
256K E*PROM with 64-Byte Page & Software Data Protection 
256K E*PROM with Extended Endurance, Standard & Low Power 
256K E2PROM with Fast Write, Standard & Low Power 


64K E2PROM 
64K E?PROM with 64-Byte Page & Software Data Protection 
256K E?PROM with 64-Byte Page & Software Data Protection 


4K E2PROM 

4K E2PROM with Extended Endurance 

4K E2PROM with Fast Write 

16K E7PROM 

16K EPROM with Extended Endurance 
16K E*PROM with Fast Write 

16K E?PROM with Ready/Busy 

16K EPROM with Ready/Busy & Extended Endurance 
16K E*PROM with Ready/Busy & Fast Write 
64K E7PROM 

64K E2PROM with Extended Endurance 
64K EPROM with Fast Write 

64K E°PROM without Ready-Busy 


64K EPROM with 64-Byte Page, Software Data Protection & 
Extended Endurance 


256K EPROM with 64-Byte Page & Software Data Protection 
256K E°PROM with Extended Endurance 

256K E2PROM with Fast Write 

1-Mbit E27PROM 

1-Mbit E2PROM with 128-Byte Page 

1-Mbit E2PROM with 128-Byte Page & Extended Endurance 
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EPROMs 
Part Number Organization Description 
Low Voltage 
AT27LV256R 32K x 8 150-250 ns 256K 3-Volt EPROM 
AT27LV512R 64K x 8 150-250 ns 512K 3-Volt EPROM 
AT27LV1024 64K x 16 150-250 ns 1-Mbit, 3-Volt EPROM 
AT27LV010 128K x 8 150-250 ns 1-Mbit, 3-Volt EPROM 
AT27LV020 256K x 8 200-300 ns 2-Mbit, 3-Volt EPROM 
AT27LV4096 256K x 16 250-300 ns 4-Mbit, 3-Volt EPROM 
AT27LV040 512K x 8 200-300 ns 4-Mbit, 3-Volt EPROM 
AT27LV080 1024K x 8 250-300 ns 8-Mbit, 3-Volt EPROM 
Standard 
AT27C256R 32K x 8 55-200 ns 256K EPROM 
AT27C512R 64K x 8 70-200 ns 512K EPROM 
AT27C1024 64K x 16 70-200 ns 1-Mbit EPROM 
AT27C010,L 128K x 8 70-200 ns 1-Mbit EPROM, Standard & Low Power 
AT27C020 256K x 8 85-200 ns 2-Mbit EPROM 
AT27C4096 256K x 16 100-200 ns 4-Mbit EPROM 
AT27C040 512K x 8 100-200 ns 4-Mbit EPROM 
AT27C080 1024K x 8 100-200 ns 8-Mbit EPROM 
PROMs 
Part Number Organization Speeds Description 
AT27HC641R 8K x8 35-90 ns High Speed 64K Reprogrammable [UV]PROM 
AT27HC642R 8K x8 35-90 ns High Speed 64K Reprogrammabie [UV]PROM 
Flash Memory Card 


Part Number Organization Description 


AT5FCO001 501 PCMCIA/Compatible Flash Memory Card 
ATS5FC002 501 PCMCIA/Compatible Flash Memory Card 
AT3FC001 501 PCMCIA/Compatible Flash Memory Card 
AT3FC002 501 PCMCIA/Compatible Flash Memory Card 


Logic 


Part Number Description 


AT40281 16-40 MHz 
AT40283 16-33 MHz 
AT40285 16-40 MHz 


80386SX PC/AT Core Logic Controller, with Posted-Write Cache 
80386SX PC/AT Core Logic Controller 
80386SX/486SLC/486SLC2 PC/AT Core Logic Controller 


AT40391B 
AT40392 


AT40493 
AT40495 
AT40498 
AT40957 
AT40958 
AT40959 
AT43216 


25-40 MHz 
25-50 MHz 
25-50 MHz 
25-50 MHZ 
25-50 MHz 
33-66 MHz 
33-66 MHz 
33-66 MHz 

40 MHz 


80386DX PC/AT System & Cache Controller 
80386DX PC/AT Memory Controller 

80486 PC/AT System & Cache Controller 
80486 PC/AT System & Cache Controller 
80486 Core Logic Controller 

EISA/ISA PC/AT Integrated System Peripheral 
EISA/ISA PC/AT Bus Controller & Data Buffer 
EISA/ISA PC/AT DRAM & Cache Controller 
Single-Chip Fast SCSI Controller 
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Smart Card ICs 


Part Number 


AT24C01 
AT24C02 
AT24C04 
AT24C08 
AT24C16 
AT93C46 
AT93C56 
AT93C5S7 
AT93C66 
AT88SC06 
AT88SC101 
AT88SC102 
AT88SC200 
AT88SC54C 
RF ID ASICs 


Microcontroller 


Part Number 


AT89C51 
AT89LV51 


Mixed Signal 


Part Number 


AT76C10 
AT76C10E 


AT76C176 
AT76C176A 
AT76C120 
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Memory Size 


1K 
2K 
4K 
8K 
16K 
1K 
2K 
2K 
4K 


104 x 1 
1024 x 1 
1024 x 1 
2048 x 1 
16K x8 
Up to 16K x 1 


Memory Size 
4K x8 80C31 Microcontroller with 4K Bytes Flash PEROM 
4K x8 2.7-Volt, 80C31 Microcontroller with 4K Bytes Flash PEROM 


Frequency 


4 kHz 

4 kHz 
40-66 MHz 
50-135 MHz 
96 kHz 


Description 


2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
2-Wire, Serial E7PROM 
3-Wire, Serial E7PROM 
3-Wire, Serial E7PROM 
3-Wire, Serial E7PROM 
3-Wire, Serial E7PROM 
104-Bit Serial E7PROM with Security 


1K Serial E27PROM with Security, 1 Memory Zone, 1024 Bits 
1K Serial E7PROM with Security, 2 Memory Zones, 512 Bits Each 


2K Serial E7PROM with Gate Array 


Secure 80C31 Controller with 8K Flash, 8K E7PROM, Public Key Math Coprocessor 
Analog, Digital & Memory on Single-Chip ASIC 


Description 


Description 


Programmable Phone Line Equalizer 


Programmable Phone Line Equalizer with On-Board E7PROM 


Triple 6-Bit Color Palette DAC 


Triple 6-Bit Color Palette DAC with Power-Down 


Dual Channel 16/18-Bit A/D Converter 


222 ammmemmaneucsce: ES) Saias OMices 


w North America 


NORTHEAST 

300 Granite Street, Suite 106 
Braintree, MA 02184 

TEL (617) 849-0220 

FAX (617) 848-0012 


MID-ATLANTIC 
101 Carnegie Center 
Suite 205 

Princeton, NJ 08540 
TEL (609) 520-0606 
FAX (609) 520-9175 


SOUTHEAST 

807 Spring Forest Road, Suite 700 
Raleigh, NC 27609 

TEL (919) 850-9889 

FAX (919) 850-9894 


NORTH CENTRAL 

1721 Moon Lake Boulevard, Suite 103 
Hoffman Estates, IL 60194 

TEL (708) 310-1200 

FAX (708) 310-1650 


SOUTH CENTRAL 

17304 Preston Road, Suite 720 
Lock Box 33 

Dallas, TX 75252 

TEL (214) 733-3366 

FAX (214) 733-3163 


NORTHWEST 

2125 O’Nel Drive 

San Jose,CA 95131 
TEL (408) 436-4270 
FAX (408) 436-4314 


SOUTHWEST 

8101 Kaiser, Suite 140 
Anaheim Hills, CA 92808 
TEL (714) 282-8080 

FAX (714) 282-0500 


= Europe 


UNITED KINGDOM 
Atmel U.K., Ltd. 

Coliseum Business Centre 
Riverside Way 


Camberley, Surrey GU15 3YL 


England 
TEL (44) 276-686677 
FAX (44) 276-686697 


FRANCE 

Atmel Southern Europe 

55 Avenue Diderot 

94100 St. Maur Des Fosses 
Paris, France 

TEL (33) 1-48855522 

FAX (33) 1-48855596 


GERMANY 

Atmel GmbH 
Ginnheimer Strasse 45 
60487 Frankfurt 90 
Germany 

TEL (49) 69-7075910 
FAX (49) 69-7075912 


uw Asia 


HONG KONG 

Atmel Asia, Ltd. 

Room 1219, Chinachem Golden Plaza 
77 Moody Road, Tsimshatsui East 
Kowloon 

Hong Kong 

TEL (852) 7219778 

FAX (852) 7221369 


JAPAN 

Atmel Japan K.K. 

NT Building, 1-9-12 
Uchikanda, Chiyoda-Ku 
Tokyo, 101 

Japan 

TEL (81) 3-5259-0211 
FAX (81) 3-5259-0217 


KOREA 

Atmel Korea, Ltd. 

Room 1509, Gurosunkyoung Officetel 
106-4, 7 Guro 5-Dong 

Guro-Gu 

Seoul, Korea 

TEL (82) 2-8396341 

FAX (82) 2-8396343 


SINGAPORE 

Atmel Singapore PTE., Ltd. 
6001 Beach Road 

19-09 Golden Mile Tower 
Singapore 0719 

TEL (65) 299-9212 

FAX (65) 291-0955 


AlmEt 
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mes «= LOMeEStIC Representatives 


a Alabama 


ELECTRONIC MARKETING ASSOC. 
7500 S. Memorial Parkway, Suite 215A 
Huntsville, AL 35802 

TEL (205) 880-8050 

FAX (205) 880-8054 


= Arizona 


COMPASS MARKETING 
11801 North Tatum Boulevard 
Phoenix, AZ 85028 

TEL (602) 996-0635 

FAX (602) 996-0586 


w California 


PROMERGE SALES, INC. 
3945 Freedom Circle, Suite 500 
Santa Clara, CA 95054 

TEL (408) 748-2970 

FAX (408) 748-2974 


10120 Fair Oaks Boulevard, Suite D 
Fair Oaks,CA 95628 

TEL (916) 965-3255 

FAX (916) 965-4204 


HARPER & STRONG 
2798 Junipero Avenue 
Signal Hill, CA 90806 
TEL (310) 424-3030 
FAX (310) 424-6622 


SILICON TECHNICAL SALES, INC. 
140 Lomas Santa Fe Drive, Suite 102A 
Solana Beach, CA 92075 

TEL (619) 793-3330 

FAX (619) 793-4188 


= Colorado 


THORSON ROCKY MOUNTAIN 
7108 D South Alton Way, Suite A 
Englewood,CO 80112 

TEL (303) 773-6300 

FAX (303) 773-6302 


= Connecticut 


DELTA-CONN TECHNICAL SALES 
One Prestige Drive, Suite 206 

Meriden, CT 06450 

TEL (203) 634-8558 

FAX (203) 634-1240 


w Florida 


COMPONENT DESIGN MARKETING 
1900 S.W. 85th Avenue 

North Lauderdale, FL 33068 

TEL (305) 726-5444 

FAX (305) 726-5155 


7616 Southland Boulevard, Suite 103 
Orlando, FL 32809 
TEL (407) 240-3903 
FAX (407) 240-4305 


4502 West Elm Street 
Tampa, FL 33614 
TEL (813) 886-9721 
FAX (813) 888-7816 


= Georgia 


ELECTRONIC MARKETING ASSOC. 
6695 Peachtree Industrial Boulevard 
Suite 101 

Atlanta, GA 30360 

TEL (404) 448-1215 

FAX (404) 446-9363 


a lowa 


DY-TRONIX, INC. 
23 Twixt Town Road N.E. 
Cedar Rapids, IA 52402 
TEL (319) 377-8275 
FAX (319) 377-9163 


w Illinois 


PHASE II MARKETING 
2220 Hicks Road, Suite 206 
Rolling Meadows, IL 60008 
TEL (708) 577-9401 

FAX (708) 577-9491 


w Indiana 


CORRAO MARSH, INC. 
6211 Stoney Creek Drive 
Fort Wayne, IN 46825 
TEL (219) 482-2725 

FAX (219) 484-7491 


3063 West U.S. 40 
Greenfield, IN 46140 
TEL (317) 462-4446 
FAX (317) 462-6568 


w Kansas 


DY-TRONIX, INC. 

5001 College Boulevard, Suite 106 
Leawood, KS 66211 

TEL (913) 339-6333 

FAX (913) 339-9449 


1999 Amidon, Suite 322 
Wichita, KS 67203 
TEL (316) 838-0884 
FAX (316) 838-2645 


w Maryland 


AVTEK ASSOCIATES 
9030 Red Branch Road 
Columbia, MD 21045-2103 
TEL (410) 740-5100 

FAX (410) 740-5103 


= Massachusetts 


PROFESSIONAL COMPONENTS 
ASSOC. 

1049 East Street 

Tewksbury, MA 01876 

TEL (508) 858-0100 

FAX (508) 858-0110 


w Michigan 


TRILOGY MARKETING, INC. 
1825 S. Woodward, Suite 170 
Bloomfield Hills, Ml 48302 

TEL (313) 338-2470 

FAX (313) 338-6720 


= Minnesota 


PSI 

8000 Town Line Avenue S., Suite 206 
Bloomington, MN 55438 

TEL (612) 944-8545 

FAX (612) 944-6249 


= Missouri 


DY-TRONIX, INC. 
3407 Bridgeland Drive 
Bridgeton, MO 63044 
TEL (314) 291-4777 
FAX (314) 291-3861 


ew Nevada 


PROMERGE SALES, INC. 
3945 Freedom Circle, Suite 500 
Santa Clara, CA 95054 

TEL (408) 748-2970 

FAX (408) 748-2974 


m= New Jersey (Northern) 


NORTH EAST COMPONENTS 
19 Spear Road, Suite 205 
Ramsey, NJ 07446 

TEL (201) 825-0233 

FAX (201) 934-1310 


mu New Jersey (Southern) 


OMNI SALES, INC. 
1016 Bethlehem Pike 
Erdenheim, PA 19118 
TEL (215) 233-4600 
FAX (215) 233-4702 


gw New Mexico 


COMPASS MARKETING 
4100 Osuna Road, Suite 109 
Albuquerque, NM 87109 
TEL (505) 344-9900 

FAX (505) 345-4848 


ew New York 


EMPIRE TECHNICAL ASSOC. 
29 Fennell Street, Suite A 
Skaneateles, NY 13152 

TEL (315) 685-5703 

FAX (315) 685-5979 


349 West Commerical Street, Suite 2920 
E. Rochester, NY 14445 

TEL (716) 381-8500 

FAX (716) 381-0911 


NORTH EAST COMPONENTS 
155 Grandview Lane 

Mahwah, NJ 07430 

TEL (201) 825-0233 

FAX (201) 934-1310 
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w North Carolina 


ELECTRONIC MARKETING ASSOC. 
6600 Six Forks Road, Suite 201 

Raleigh, NC 27615 

TEL (919) 847-8800 

FAX (919) 848-1787 


6311-106 Hadley Green Dr. 
Charlotte, NC 28210 

TEL (704) 552-6535 

FAX (704) 552-1011 


g Ohio 


CENTURY TECHNICAL 
SALES, INC. 

8977 Columbia Road, Suite G 
Cincinnati, OH 45140 

TEL (513) 677-5088 

FAX (513) 677-1775 


6610 Busch Blvd., Suite 250 
Columbus, OH 43229 

TEL (614) 433-7500 

FAX (614) 433-9085 


331 Bayview Road 
Cleveland, OH 44140 
TEL (216) 871-2854 
FAX (216) 871-6141 


a Oklahoma 


QUAD STATE SALES 
& MARKETING 

6212 E. El Paso 

Broken Arrow, OK 74014 
TEL (918) 357-1352 

FAX (918) 357-1352 


mw Oregon 


ELECTRONIC SOURCES, INC. 
6700 SW 105th, Suite 305 
Beaverton,OR 97005 

TEL (503) 627-0838 

FAX (503) 627-0238 


= Pennsylvania 


CENTURY TECHNICAL 
SALES, INC. 

130 Spang Road 

Baden, PA 15005 

TEL (412) 934-2326 

FAX (412) 934-3031 


OMNI SALES 

1016 Bethlehem Pike 
Erdenheim, PA 19118 
TEL (215) 233-4600 
FAX (215) 233-4702 


mw Texas 


QUAD STATE SALES 

& MARKETING 

8310 Capital of Texas Highway, North 
Suite 365 

Austin, TX 78731 

TEL (512) 346-7002 

FAX (512) 346-3601 


12160 Abrams Road, Suite 406 
Dallas, TX 75243 

TEL (214) 669-8567 

FAX (214) 669-8834 


10565 Katy Fwy, Suite 212 
Houston, TX 77024 

TEL (713) 467-7749 

FAX (713) 467-5942 


w Utah 


THORSON ROCKY MOUNTAIN 
1831 E. Fort Union Boulevard, Suite 103 
Salt Lake City, UT 84121 

TEL (801) 942-1683 

FAX (801) 942-1694 


HUH} } JU §$LOMeStiC Representatives 


w Virginia mw Canada 

AVTEK ASSOCIATES CLARK-HURMAN ASSOCIATES 
Route 1, Box 117 4 Chester 

Esmond, VA 22931 Pointe Claire, Quebec H9R 4H7 
TEL (804) 295-1294 Canada 

FAX (804) 979-5818 TEL (514) 426-0453 


FAX (514) 426-0455 
9835 Squaw Valley Drive 


Vienna, VA 22180 66 Colonnade Road 
TEL (410) 740-5100 Nepean, Ontario K2E 7K7 
FAX (410) 740-5103 Canada 

TEL (613) 727-5626 
ELECTRONIC SOURCES, INC. 20 Regan Road, Unit 14 
1603 116th Ave, N.E., Suite 115 Brampton, Ontario L7A1C3 
Bellevue, WA 98004 Canada 
TEL (206) 451-3500 TEL (416) 840-6066 


a Wisconsin 


PHASE II MARKETING 

11040 W. Bluemound Road, Suite 211 
Wauwatosa, WI 53226 

TEL (414) 771-9986 

FAX (414) 771-9935 
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ees (ternational Representatives 


a Australia 


BRAEMAC PTY., LTD. 
Unit 6 111 Moore Street 
Leichnardt, 2040 NSW 
Australia 

TEL (61) 2858-5966 

FAX (61) 2564-2789 


w Austria 


CODICO GESMBH & CO., KG 
Muhigasse 86-88 

A-2380 

Perchtoldsdorf 

Austria 

TEL (43) 222-862428 

FAX (43) 222-863257 


= Belgium 


ACAL AURIEMA 
Lozenberg 4 

1932 Zaventem 
Belgium 

TEL (32) 2-720-5983 
FAX (32) 2-725-1014 


gw Brazil 


HASTEC 

Rua Ferreira Do Alentejo 
90-CEP 04728 

Sao Paulo SP 

Brazil 

TEL (55) 11-522-1799 
FAX (55) 11-247-9524 


w Bulgaria 


RILA 

c/o Nercom AG 

16 Boul. Bulgarosavetska 
Droubja 

Sofia BG1057 

Bulgaria 

TEL (359) 2707597 

FAX (359) 2700006 


w Denmark 


MER-EL A/S 

Ved Klaedebo 18 
Post Boks 219 
DK-2970 Horsholm 
Denmark 

TEL (45) 42-571000 
FAX (45) 42-572299 


= Finland 


OY BEXAB FINN-CRIMP AB 
P.O. Box 51 

SF-02631 Espoo 

Finland 

TEL (358) 0-5023200 

FAX (358) 0-5023294 


mw France 


MICRO PUISSANCE 
Immeuble Femto-1 

Avenue de Norvege 

Z.A. de Courtaboeuf B.P. 79 
91943 Les Ulis Cedex 
France 

TEL (33) 1-69071211 

FAX (33) 1-69076712 


NEWTEK 

8 Rue De L’Estrerel 
Silic 583 

94663 Rungis Cedex 
France 

TEL (33) 1-46872200 
FAX (33) 1-46878049 


w Germany 


INELTEK GMBH 
Hauptstrasse 45 
89522 Heidenhiem 
Germany 

TEL (49) 7321-20077 
FAX (49) 7321-20079 


INELTEK MURNAU 

Am Fugsee 21 

82418 Murnau-Riedhausen 
Germany 

TEL (49) 8841-47775 

FAX (49) 8841-2660 


INELTEK NORD 
Billstrasse 30 

20539 Hamburg 26 
Germany 

TEL (49) 78942-274 
FAX (49) 78942-220 


MSC VERTRIEBS GMBH 
Wormserstrasse 34 

67227 Frankenthal 
Germany 

TEL (49) 6233-26643 

FAX (49) 6233-25105 


AIMEL 


Prissingstrasse 25 
O-6905 Jena-Géschwitz 
Germany 

TEL (49) 3641-7688011 
FAX (49) 3641-7688011 


Bahnhofstrasse 65 
D-7250 Leonberg 
Germany 

TEL (49) 7152-26031 
FAX (49) 7152-26585 


Berg-am-Laim-Strasse 147 
81673 Munchen 80 
Germany 

TEL (49) 89-4361046 

FAX (49) 89-4312426 


Bahnstrasse 6 

65205 Wiesbaden 32 
Germany 

TEL (49) 611-718093 
FAX (49) 611-761938 


Industriestrasse 16 
76297 Stutensee 3 
Germany 

TEL (49) 758-118 
FAX (49) 799-3 


K6nigstrasse 14 

D-4050 Ménchengladbach 2 
Germany 

TEL (49) 2166-46071 

FAX (49) 2166-61920 


SILCOM ELECTRONICS 
VERTRIEBS 
Hindenburgstrasse 284 
41061 Moenchengladbach 1 
Germany 

TEL (49) 2161-15074 

FAX (49) 2161-183313 


m Hong Kong 


INFINITRON (HK), LTD. 

88, 1/F Shatin Industrial Centre 
Sui Lek Yuen Road 

Shatin, N.T. 

Hong Kong 

TEL (852) 637-7118 

FAX (852) 637-3723 


JUNCTHOPE LTD. 
1/F, 65 Bedford Road 
Tai Kok Tsui, Kowloon 
Hong Kong 

TEL(852) 390-2133 
FAX (852) 787-2359 
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TLG ELECTRONICS, LTD. 
Room 1404, Hang Shing Bldg. 
363-373, Nathan Road 
Yanumatei, Kowloon 

Hong Kong 

TEL (852) 388-7613 

FAX (852) 783-0198 


WES TECH ELECTRONICS, LTD. 
Room 1601, Star Centre 

443-451, Castle Peak Road 

Kwai Chung, N.T. 

Hong Kong 

TEL (852) 418-9818 

FAX (852) 429-2355 


= Hungary 


NERCOM AG 
Kiralylaki, UT. 30 
Budapest 

TEL (36) 118-03252 


w Israel 


ISAMTEK LTD. 

53 Herzel Street 
P.O. Box 13902 
Netanya 42-137 
Israel 

TEL (972) 9-826445 
FAX (972) 9-826447 


a Italy 


LASI ELETTRONICA S.P.A. 
Viale Fulvio Testi 280 

20126 Milano 

Italy 

TEL (39) 2-66101370 

FAX (39) 2-66101385 


CEFRA S.P.A. 

Via G. De Castro, 4 
20144 Milano 

Italy 

TEL (39) 2-4801-2355 
FAX (39) 2-4800-8167 


NEWTEK 

Via G. Da Procida, 10 
20149 Milano 

TEL (39) 2-33105308 
FAX (39) 2-33103694 


mw Japan 


MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD. 
Twin 21 National Tower 
2-1-61, Shiromi, Chuo-Ku 
Okaka 540 

Japan 

TEL (81) 6-946-4848 

FAX (81) 6-946-4809 


MCM JAPAN 

Santower Bldg. 

2-11-22, Sangenjyaya 
Setagaya-Ku, Tokyo 154 
Japan 

TEL (81) 3-3487-8477 
FAX (81) 3-3487-8825 


Tama Sales Office 

R Dourt Bldg., 446-2 
Ichinomiya, Tama-city 
Tokyo 206 

Japan 

TEL (81) 423-72-8600 
FAX (81) 423-72-8603 


SUMISHO ELECTRONIC DEVICES 
Eisen lwamoto-cho Bldg. 

2-8-8, lwamoto-cho 

Chiyoda-Ku, Tokyo 101 

Japan 

TEL (81) 3-3863-8201 

FAX (81) 3-3863-821 1 


Nagoya Branch 

River Park Marunouchi Bldg. 
3-6-4, Marunouchi 

Naka-Ku, Nagoya 460 
Japan 

TEL (81) 52-953-1291 

FAX (81) 52-953-1296 


Osaka Branch 

Etanal Honmachi Kuono Bidg. 
3-2-14, Azuchi-cho 

Chuo-Ku, Osaka 541 

Japan 

TEL (81) 6-263-5131 

FAX (81) 6-263-5128 


TAKACHIHO KOHEKI CO., LTD. 
1-2-8, Yotsuya 

Shinjuku-Ku 

Tokyo 160 

Japan 

TEL (81) 3-3355-6695 

FAX (81) 3-3357-5034 


Fukoku Seimei Bidg. 
2-4, Komatsubara-Cho 
Kita-Ku, Osaka 530 
Japan 

TEL (81) 6-313-0671 
FAX (81) 6-313-3380 


RYOYO ELECTRO CORP. 
Konwa Bidg., 1-12-22 

Tsukiji, Chuo-Ku 

Tokyo 104 

Japan 

TEL (81) 3-3546-5011 

FAX (81) 3-3546-5044 


UNI ELECTRONICS INC. 
P.O. Box 68, Sumitomo Bldg. 
Shinjuku-ku 

Tokyo 163 

Japan 

TEL (81) 3-3347-8878 

FAX (81) 3-3347-8808 


w Korea 


D & S CORPORATION 

Room 1412, A-Dong 

Champs Elysees Center 

889-5, Daechi-Dong, Kangnam-Gu 
Seoul 135-280 

Korea 

TEL (82) 2-5388431 

FAX (82) 2-5682008 


DATA 2000 

Gugu Bldg, 5th Floor 
145-18 Samsung-Dong 
Kangnam-Ku 

Seoul 135-090 

Korea 

TEL (02) 5-616670 
FAX (02) 5-616645 


w Netherlands 


ACAL AURIEMA 
Beatrix de Rijkweg 8 
5657 EG Eindhoven 
Netherlands 

TEL (31) 40-502602 
FAX (31) 40-510255 
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HU §=$§$@=$0Hees § Iternational Representatives 


a Norway = Sweden PROSPECT TECHNOLOGY 
NC NORDCOMP AS KELTECH COMPONENTS AB 5F, No. 348, Pai-Ling 5th Road 
PO Box 190 Box 505 Kemistvagen 10 A Taipei 
2020 Skedsmokorset S-183 25 Taiwan, R.O.C. 
Norway Taby TEL (886) 2-820-5353 
TEL (47) 63-879330 Sweden FAX (886) 2-820-5731 
FAX (47) 63-879000 TEL (46) 86308590 
FAX (46) 87562143 a Thailand 
a Portugal soieudand SEMIKON COMPANY, LTD. 
ANATRONIC-PORTUGAL S.A. 7 4F, Room 406, Phansak Bldg. 
Rua de Entrecampos 52 R/C ESQ. ANATEC AG Phetburi Road 
1700 Lisboa Sumpfstrasse 7 Rajthevee, Bangkok, 10400 
Portugal CH 6300 Thailand 
TEL (351) 1-9820542 ZUG TEL (662) 215-0760 
FAX (351) 1-9820549 Switzerland FAX (662) 215-6857 
TEL (41) 42-412441 
a Singapore FAX (41) 42-413124 = United Kingdom 
HAMILTON ELECTRONICS . GD TECHNIK, LTD. 
PTE., LTD. = Taiwan Tudor House 
No-9 Howard Road ALLREACH GCH 24 High Street 
SF, TAT Hong Industrial Bidg. 6F, No. 50-1 Twyford, Berks RG10 9AG 
1336 Singapore Sec. 1 England 
TEL (65) 283-7828 Hsin Sheng S. Road TEL (44) 734-342277 
FAX (65) 283-7929 Taipei, Taiwan FAX (44) 734-342896 
R.O.C. 
SINGASOF COMPUTERS TEL (886) 2-321-4229 PRONTO ELECTRONIC 
PTE., LTD. FAX (886) 2-321-5849 SYSTEMS, LTD. 
2 Kallang Pudding Road City Gate House 
#09-04 Mactech Industrial Bldg. APPLIED COMPONENT 399-425 Eastern Ave. 
Singapore 1334 TECHNOLOGY CORP. Gants Hill 
TEL (65) 747-3012 8F, #233-1 Pao-chiao Road liford, Essex IEZ 6LR 
FAX (65) 747-5279 Hsin Tien City England 
Taipei Hsien TEL (44) 81-554-6222 
‘ Taiwan, R.O.C. FAX (44) 81-518-3222 
= South Africa TEL (886) 2-917-0858 
ACTIVE TECHNOLOGY (PTY), LTD. — Fax (886) 2-917-1895 SEQUOIA TECHNOLOGY, LTD. 
P.O. Box 3853 Tekelec House 
Liles . 28 NEOLEC INTERNATIONAL, INC. Back Lane 
ou rica 3F, No Jen Jen Bidg Spencers Wood 
Lee pa epee No. 29, Jen Ai Road Reading Berks RG7 1PD 
(011) 444- Sec. 3 England 
; Taipei 106 TEL (44) 734-258000 
= Spain Taiwan, R.O.C. FAX (44) 734-258020 
ANATRONIC S.A. bles sim Scioto 
AVDA. De Vallaolio 27 FAX (886) 2-78-6076 
28008 Madrid 
Spain PRINCETON TECHNOLOGY CORP. 
TEL (34) 1-542-44-55 2F, No. 233-1, Bao Chiao Road 
FAX (34) 1-559-69-75 Hsin Tien, Taipei Hsien 
Taiwan, R.O.C. 
Bailen 176 Entresuelo 1A TEL (886) 2-917-8856 
08037 Barcelona FAX (886) 2-917-3836 
Spain 


TEL (34) 3-258-19-06 
FAX (34) 3-258-71-28 
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ANEL Please check the appropriate boxes and return this card (if outside the U.S., use an envelope). 


First Name: 

Title: 

Company: 

Street Address: 

City: 

Country: 

Work Phone: ( ) 
My application is: 


1. Products manufactured 
at this location: 
(check one only) 

OC) Industrial / Instrumentation 

() Computers / Peripherals 

(1) Data Communications 

C1) Telecommunications 

(1) Government / Military 

0) Transportation 

(1) Consumer 

C1) Aerospace 

C1 Medical 

(J Other 

0266B-4/94/20M 


Last Name: ___ 
Mail Stop: 


State, Zip Code: 
Country Code: 


Fax: ( ) 


2. My principal job 
function is: 

[J General Management 

(J Engineering Management 

(J Design Engineering 

C Reliability / Quality 

CO) Manufacturing / Production 

C) Purchasing / Procurement 

CJ University 

CJ Other 


3. Check product areas of 
interest: 

( Configurable Logic (PLD/FPGA) 

C) Gate Arrays/ASICs 

(J Microcontrollers 

CC] EPROM 

( Flash Memories 

O Parallel E7PROM 

O Serial E7PROM 

CJ SRAM 

C1 PC/AT Chip Sets 

[J Mixed Signal Devices 

C Smart Card ICs 

(1) PCMCIA Flash Memory Card 


AEL Please check the appropriate boxes and return this card (if outside the U.S., use an envelope). 


First Name: 

Title: 

Company: 

Street Address: 

City: 

Country: 

Work Phone: ( ) 
My application is: 


1. Products manufactured 
at this location: 
(check one only) 

C Industrial / Instrumentation 

[) Computers / Peripherals 

(1) Data Communications 

1) Telecommunications 

[C1 Government / Military 

(C) Transportation 

C1 Consumer 

(1) Aerospace 

OO Medical 

C1 Other 

0266B-4/94/20M 


Last Name: 
Mail Stop: 


State, Zip Code: 
Country Code: 


Fax: ( ) 


2. My principal job 
function is: 

(1) General Management 

(C Engineering Management 

C1 Design Engineering 

C Reliability / Quality 

(1) Manufacturing / Production 

C Purchasing / Procurement 

C1) University 

(1) Other 


3. Check product areas of 
interest: 

() Configurable Logic (PLD/FPGA) 

() Gate Arrays/ASICs 

OC Microcontrollers 

C) EPROM 

C Flash Memories 

O Parallel E7PROM 

O Serial EPROM 

CO) SRAM 

[1 PC/AT Chip Sets 

C1 Mixed Signal Devices 

C Smart Card ICs 

(J PCMCIA Flash Memory Card 
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Atmel CMOS Gate Arrays 


Device Raw Routable Max Pin Max |/O 
Number Gates Gates 


ATL Array Organization 


ge 
g 
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ATL100 
ATL130 
ATL160 
ATL C Array Organization - Fine Pad Pitch 


ATL80 Array Organization 


ATO 
ATL80/25 

ATL80/40 

ATL80/50 

pTLa08 

ATL80/150 

ATL80/220 110,000 

ATL80/280 140,000 

ATL80/350 175,000 

ATL80/450 

ATL80/600 


ATLV Array Organization 
ATLV2 
ATLV3 
ATLV5 
ATLV7 
ATLV10 
ATLV15 
ATLV20 
ATLV35 
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Raleigh, NC 27609 
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Southwest 
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France 
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Hong Kong 

Atmel Asia, Ltd. 
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Kowloon, Hong Kong 
TEL (852) 7219778 
FAX (852) 7221369 


Japan 


Atmel Japan K.K. 

NT Building, 1-9-12 
Uchikanda, Chiyoda-Ku 
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Japan 

TEL (81) 3-5259-0211 
FAX (81) 3-5259-0217 


Korea 

Atmel Korea, Ltd. 
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Seoul, Korea 

TEL (82) 2-8396341 
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